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Art.  I.  —  The  Change  of  Heat   Conductimty^  on  Passing 
IsothermaiUy  from  Solid  to  Liquid  ;  by  C.  Barus, 

I.  Preliminary. — To  fully  investigate  a  problem  like  the 

I  resent,  the  application  of  pressures  is  obviously  necessary, 
n  my  workf  on  the  continuity  of  solid  and  liquid  I  showed, 
however,  that  hysteresis  rarely  if  ever  fails  to  accompany 
change  of  state.  Since  therefore  undercooling  is  not  avoidea, 
even  when  pressure  changes  the  state  of  a  body  from  solid  to 
liquid  at  the  same  temperature,  it  seemed  permissible  to  facili- 
tate the  experiments  by  selecting  an  undercooled  liquid  at  the 
outset.  In  other  words,  thymol — and  with  this  substance  the 
following  measurements  were  made — which  can  be  kept  either 
liquid  or  solid  between  0°  and  50°  C,  merely  exhibits  under 
atmospheric  pressures  and  temperatures  the  same  volume  la^, 
that  in  more  or  less  pronounced  degree  is  common  to  most  if 
Hot  all  crystalline  bodies,  at  pressures  and  temperatures  as  a 
mle  enormously  higher.  Apart  from  this  it  seems  idle  to 
ascribe  to  the  molten  liquid  a  more  intimate  relation  to  the 
solid  than  that  possessed  by  the  undercooled  liquid,  without 
cBatinctly  specifying  just  what  the  relation  is ;  and  this  at  the 
present  state  of  our  knowledge  of  the  solid  and  liquid  mole- 
cule, is  impossible.  Vague  notions  about  polymerism  are  little 
to  the  point  Without  evidence  to  the  contrary,  I  am  at 
^berty  to  suppose  that  the  liquid  as  well  as  the  solid  obey  cer- 
tain ideal  physical  laws ;  and  these  I  may  conceive  to  be  pro- 

*  This  inyestigation  was  suggested  by  Mr.  Clarence  Kiog. 
f  This  Journal,  zlii,  p.  125,  1891  ;  of.  p.  140. 

^  Joua.  ^i.— Thibd  Series,  Vol.  XLIV,  No.  259.— July,  1892. 
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longed  indefinitely  below  the  melting  point  in  the  former  case, 
and  indefinitely  above  fusion  in  the  latter  case  (solid) ;  and  I 
can  estimate  the  amount  of  error  involved  in  such  a  supposi- 
tion by  actually  comparing  any  given  class  of  properties  of 
the  liquid  above  and  below  the  melting  point,  by*  direct  ex- 
periment.* 

I  may  add  finally  that  the  application  of  pressure  would 
enormously  complicate  the  metnod  of  measurement,  which 
even  in  its  simplest  form,  is  not  without  grave  difficulties. 
Indeed  the  task  of  keeping  thymol  liquid  between  4°  and  15® 
in  a  copper  vessel,  provea  to  be  most  wearisome,  and  out  of 
very  many  experiments  only  relatively  few  were  obtained 
unaer  thoroughly  trustworthy  conditions. 

2.  Method  employed. — Seeing  that  the  available  substances 
are  usually  of  low  absolute  conductivity  (below  k  =  500/10*), 
and  keeping  in  mind  the  desideratum  of  a  method  which  could 
eventually  be  used  for  bodies  under  pressure,  I  found  none 
better  suited  to  the  present  problem  than  the  one  which  H.  F. 
Weberf  has  so  brilliantly  and  elaborately  worked  out     Weber 
places  a  thin,  wide,  plane-parallel  plate  or  layer  of  the  sub- 
stance to  be  examined  between  and  in  close  contact  with  two 
thick  plates  of  copper,  and  it  is  proved, that  these  are  identical 
as  to  temperature,  with  the  upper  and  lower  isothermal  of  the 
layer.     §9.     The  system  is  first  heated  so  as  to  be  at  a  given 
temperature  throughout.     It  is  then  suddenly  and  permanentljr 
cooled  at  the  lower  surface  (copper  plate),  and  the  time  rate  at 
which  heat  travels  from  the  top  plate  to  the  bottom  plate, 
through  the  intervening  layer,  is  measured  by  a  thermo-couple* 
From  these  data  the  absolute  thermal  conductivity  of  the  layer 
may  be  computed  when  the  constants  of  the  system  are  known- 
To  obviate  convection  in  the  case  of  liquids,  all  plane  surfaces 
are  placed  horizontal,  and  cold  surfaces  are  lowermost. 

To  cool  the  bottom  plate  Weber  either  bedded  the  system 
on  a  plane  of  ice,  surrounding  it  by  an  ice  environment,  or 
lowered  its  temperature   by  a  shower   bath  of  hydrant  wat^r 
with  a  corresponding  environment.     It  is  not  feasible  to  apply 
this  method  directly  to  thymol:  clearly,  in  the  first  place  all 
manner  of  disturbance  or  handling  must  tend  to  freeze  the 
under-cooled   liquid.     In   the   second    place   freshly    distilled 
thymol  absorbs  water  or  aqueous  vapor  at  an  initial  rate  of 
•00032  g  per  cm'  of  free  surface  per  hour,  and  the  interval  of 
undercooling  is  thereby  decreased.     At  least  in   contact  with 
copper  in  air,  thymol  soon  becomes  colored  and  unsuitable  for 
the  experiments.     Failing  therefore  utterly  in  the  attempt  to 

*The  continuation  of  the  present  research  must  for  the  above  reasons  awai^ 
the  warm  weather. 
fH.  F.  Weber:  Wied.  Aon.,  x,  pp.  103,  304,  472,  1880. 
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}btaiD  reenlts  for  the  lii^nid,  gl,  I  modified  the- method  so  as 
^o  adopt  it  both  for  hif^h  temperature  and  low  temperature 
;nvironmeDt8,  ae  follows. 

Apparatxte. 
3.  General  disposition. — To  obtain  a  circulation  of  water  at 
inj  constant  temperature  not  more  than  30°  or  40°  above  the 
temperatnre  of  the  hydrant  water,  I  used  the  device  of  boiler, 
g;radaated  faucet  and  distribnter,  to  be  described  in  connection 
with  mj  work  on  the  volume  expansion  and  the  thermal 
capacity  of  thymol.* 


In  iigare  1,  DD  and  JF^" are  the  cylindrical  copper  plates 
l«tweoTi  which  the  sample  to  be  tried  is  sandwiched.     The 
'See  Dot«  in  Proceed.  Am.  Acad.,  vol.  iivi,  p.  313,  1892. 
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system  is  completely  surrounded  by  a  cylindrical  box  ABC,^ 
tnrough  the  hollow  walls  of  which  the  water  continually  circu- 
lates. In  this  way  an  environment  of  any  constant  tempera- 
ture is  obtained. 

To  heat  or  cool  the  lower  plate  EE^  it  is  made  the  top  of  a 
shallow  box  FF^  the  bottom  of  which  is  perforated  by  mflux 
and  efflux  tubes  6^,  0\  S7. 

The  whole  system,  ABC^  is  heavily  jacketed  with  blanket- 
ing (not  shown),  and  a  sink  placed  below  the  efflux  tubes  car- 
Hes  ofi  the  water. 

4.  Environment. — This  consists  of  the  three  parts  AAA^ 
BB  and  CCCC^  made  of  heavy  tinned  sheet  iron,  and  capable 
of  moving  up  and  down  and  of  being  clamped  in  any  vertical 
position  along  four  upright  slides  (not  shown).  It  is  advisable 
to  lix  the  bottom  CCVC  permanently,  and  the  frame  is  pro- 
vided with  leveling  screws  so  that  the  plates  DD  and  EEmti.j 
be  adjusted  to  the  norizontal,  accurately. 

The  top  AAA  is  virtually  a  bell  jar.     Water  enters  at  a  in 
jets  directed  toward  .the  center  as  well  as  toward  the  right 
(tangentially)  so  as  to  keep  up  a  circulation.     It  issues  at  h, 
and  passes  thence  through  a  sufficient   but  short  length  of 
jacketed  rubber  tubing  to  the  tubulure  c,  near  the  bottom  of 
the  ring  BB.    Sotation  is  here  also  kept  up  by  tangential  in- 
flux, and  the  water  issuing  at  d  near  the  top  of  BB^  passes 
through  rubber  tubing  to  e  on  one  side  of  the  bottom  vCCt\ 
finally  leaving  this  vessel  at/* on  the  other  side.     When  not 
otherwise  used,  the  water  is  carried  to  a  level  above  AAA,  to 
prevent  siphonage.     By  making  the  environment  of  parts  in 
this  way,  two  advantages  are  secured :  for  apart  from  the  greater 
thoroughness  of  circulation  favorable  to  constancy  of  tempera- 
ture, the  parts  may  be  raised  so  that  the  plates  jDD  and  £E 
may  at  all  times  be  easily  charged  or  inspected.     In  the  actual 
apparatus  the  influx  and  efflux  tubulures  are  to  be  in  a  vertical 
flane  at  right  angles  to  the  thermometer  tubulures.     AAd 
as  four  other   tubulures :  /  (oblique)   for  the   insertion  of  a 
thermometer  into  the  circulating  water,  and  M  for  registering 
the  air  temperature  within ;  through  Z  the  air  which  always 
accumulates  from  hot  water  may  be  discharged,  and  throufi[li 
iV",  a  wire   may  be  inserted  for  raising  and   suspending  uie 
upper  plate  J)D,  §8.     Similarly  the  tubulure  k  admits  a  ther- 
mometer into  the  water  circulating  in  BB,     Finally  the  bot- 
tom  CO  has  two  large  and  two  small  perforations,  through 
which  pass  the  tubes  &,  G\  and  gg,  as  well  as  the  wires  of  the 
thermo-couple,  §6.      The  tubulure  ii  reaching  nearly  to  the 
top,  discharges  accumulated  air. 

5.  Copper  conduction  plates, — Both  I) I)  and  EEaLve  silver 
plated,  making  them  less  subject  to  the  action  of  thymol.     The 
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oriuer  (/>)  is  15*23*"  in  diameter,  1-300*'"  thick,  turned  aceu- 
Eitely  cylindrical  and*  polished  on  its  lower  surface.  Besides 
he  central  hole  r,  it  has  two  small  eyelets,  ««,  placed  symmet- 
ically  on  the  same  diameter,  by  aid  of  which  the  plate  may 
e  suspended,  §8.  Finally  the  junction  m/  of  the  thermo-couple 
im'm  is  soldered  to  the  top  of  this  plate,  the  wires  passing 
hrough  the  tube  in  the  bottom,  CC. 

The  plate  DD  is  supported  on  the  upper  polished  plane 
arface  of  EE^  by  three  plate  glass  spacers  ty  t^  "1*^"  to  '2^"  high, 
nd  •2X"2  cm'  square.  EE\&oi  the  same  diameter  as />/>, 
nt  only  'Q^^  thick.  The  sides  of  the  box  FF,  of  which  EE  is 
he  top,  project  upward  to  form  a  gutter  ZZ,  in  which  the 
xoess  of  charge  is  caught  and  may  be  siphoned  off.  In  case 
f  undercooled  liquids  this  gutter  is  absolutely  essential,  and  I 
Dund  it  advantageous  to  coat  it  with  vulcanized  rubber 
eposited  from  solution.  Rough  surfaces  induce  premature 
reezing.  The  box  FF  plants  its  three  steel  feet  on  plates  of 
rass  (not  shown),  imbedded  in  the  top  of  CC^  thus  securing 
he  necessary  firmness  of  the  conducting  system.  Finally  the 
unction  n',  of  a  second  thermo-couple  nn'n,  identical  in  every 
espect  with  mm'm^  is  soldered  to  the  bottom  surface  of  E^^ 
na  after  passing  through  a  sealed  tubulure  V  in  the  side  of 
^F^  the  wires  pass  out  through  VC, 

One  of  the  tubes  GG  which  admit  and  withdraw  large 
•ulks  of  water,  communicates  through  a  massive  three-way 
top  cock  HKy  with  the  faucet  of  the  nydrant  The  tubulure 
9  which  nearly  touches  the  bottom  of  E^  discharges  into  a 
mall  cistern  with  two  tubulures  h  and  j?,  and  a  thermometer, 
f,  here  registers  the  temperature  of  the  efflux  through  h. 

To  introduce  the  charge,  liquid  thymol  is  carefully  poured 
n  through  r,  by  aid  of  a  nne  funnel  tube.  In  case  of  copper 
plates  this  rarely  succeeds  at  ordinary  temperatures.  I  heated 
the  plates  during  charging  above  the  melting  point  of  thymol, 
and  then  allowed  them  to  cool  in  the  closed  environment. 
The  charge  is  best  frozen  when  quite  cold  and  from  the  center 
outward,  by  contact  with  a  crystal,  inserted  through  r.  Allow- 
ance must  be  made  for  the  volume  contraction,  §14.  In  the 
following  work  with  solid  thymol,  the  glass  spaces  t^  t,  were 
left  in  place.  I  believe  now  that  this  is  unfavorable  to  perfect 
adhesion  between  the  solid  layer  and  the  copper  plates,  even 
though  the  cold  plates  were  found  to  be  thoroughly  cemented 
together.  A  better  plan  would  be  that  of  placing  the  spacers 
Dear  the  edge,  and  of  removing  them  as  soon  as  a  sufficient 
unount  of  thymol  has  solidified  to  sustain  the  upper  plate. 

t).  The7*7nO'COuple, — The  thermo-couples  m  and  w,  of  german 
liver  and  copper,  being  identical  both  as  regards  metal  and 
limensions,  the  temperatures  of  the  upper  or  the  lower  plate 
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could  be  measured  independently ;  or  by  soldering  the  german 
silver  wires  together  and  coupling  the  ends  of  the  copper  wires 
with  the  galvanometer,  differences  of  temperature  could  be 
measured.  The  latter  method  was  adopted  since  this  diflferen- 
tial  quantity  enters  the  formulae.  Great  care  must  be  taken  to 
see  that  the  charge  is  electrically  a  nonconductor.  This  is  the 
case  for  thymol,  but  series  of  experiments  which  I  made  with 
water  proved  worthless  because  of  this  discrepancy.  To  cali- 
brate the  thermo-couples  in  question,  duplicate  sets  of  identical 
wires  (metal  and  dimensions)  were  at  hand.  The  galvanome- 
ter of  my  own  make  showed  about  3  scale  parts  per  degree  C, 
and  it  was  a  periodic  and  nearly  constant  in  sensitiveness. 

7.  Heating  and  cooling. — There  are  two  methods  available 
for  heating  the  system  of  plates  D  and  E  uniformly  through- 
out, to  be  used  respectively,  when  the  environment  is  of  high 
temperature  or  of  low  temperature. 

(1.)  To  heat  the  plates  to  the  temperature  of  the  (hot)  envi- 
ronment, the  stop-cock  H^  is  closed  relatively  to  6r,  and  the 
efflux  water  from  /"led  by  jacketed  rubber  tubing,  through  the 
cork  ^into  G\  The  water  thus  fills  i^-Fand  issues  at  A.  Its 
temperature  is  read  off  at  §'.  DD  and  EE  soon  reach  the  same 
temperature  within  -01°  C. 

When  the  actual  measurements  are  to  be  commenced,  water 
from  the  hydrant  is  first  passed  through  H  and  JT,  until  its 
temperature  is  constant.  The  cock  R  is  now  loosened,  and  at 
a  given  signal  ZTis  suddenly  opened  into  G,  The  great  balk 
of  water  now  entering  EE^  forces  out  Ry  and  floods  the  ther- 
mometer reservoir  below  g.  Here  therefore  temperature  is 
again  registered  by  q. 

(2.)  In  case  of  the  cold  (2°-6*')  environment,  hydrant  water 
is  passed  directly  through  the  tubes  a  to  ,/*,  but  the  method  of 
heating  Z>,  J?  is  less  simple.  If  warm  water  be  passed  through 
My  as  before,  the  temperature  of  ^  would  even  after  long  wait- 
ing exceed  that  of  D.  For  plates  •1''"  apart  this  persistent 
excess  amounted  to  say  '9°  C,  varying  with  the  distance  between 
the  plates,  their  internal  and  external  conduction,  etc.  The 
discrepancy  may,  however,  be  obviated  by  using  two  supplies 
of  warm  water,  one  of  which  is  a  few  degrees  (8°-5^)  hotter 
than  the  other.  The  hotter  water*  is  first  passed  through  B 
and  EE.  After  the  lapse  of  sufficient  time  the  second  hot 
water  supply  of  constant  but  lower  temperature  is  made  to 
replace  the  other.  Thus  EE\^  slightly  cooled  at  once,  whereas 
DD  only  cools  very  gradually,  but  must  eventually  fall  to  a 
temperature  below  E     Observations  are  therefore  commenced 

*  Fletcher's   "instantaneous  water  heater,"  furnishes  a  satisfactorj  circulation, 
for  the  temperature  of  this  water  need  not  be  very  constant. 
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\Te)  when  the  thermo-couple  shows  no  difference  of  the 

itare  between  the  plates. 

vterruU  conductivity, — To  determine  the  radiation  con- 

I  nsed  two  methods,  in  one  of  which  the  cold  plate 
3  raised  in  an  environment  hot  above  and  cold  below; 

the  second  of  which  the  hot  plate  {D)  was  raised  in  a 
ily  cold  environment.     The  latter  is  essentially  that  of 

environment  being  at  any  constant  temperature,  I 
d  the  spacers  ty  ty  and  placed  the  copper  plates  in  con- 
\.  strong  current  of  water  circulating  in  rFy  kept  the 
t  the  same  temperature  differing  from  that  of  the  envi- 
t.  By  aid  of  threads  fastened  to  88^  and  a  wire,  passing 
i  JVy  tne  plate  D  was  now  raised  and  kept  suspended  by 
»  on  the  outside.  During  all  this  time  the  aifferential 
•couple  was  in  place  and  changes  of  temperature  of  the 
ere  thus  registered. 

ively  to  the  slow  external  conduction,  the  suspended 
?jD  is  always  an  isothermal  region.  Hence  if  Jlf^  be 
ts,  c^  the  specific  heat,  and  u  the  temperature  excess  of 
te  at  the  time  t;  if  i^,  (top  and  sides)  be  the  surface 
the  hot  environment  and  jT  (bottom)  the  surf  ace  toward 
d  environment ;  if  finally  r  be  the  temperature  excess 
lot  environment  and  /i^  the  external  conductivity,  then 
=  h{F,{T--u))dt  -  h.Fudty  or  du/dt  +  h,{F,'{'F)u/M,o, 
•/Mfi^y  a  differential  equation  which  after  integration 

V+F^=^Oy  and  where  u  and  u^  correspond  respectively 
f. 

is  way  I  obtained  the  results  of  Table  1,  where  r'  is  the 
temperature  of  the  cold  plates,  and  hence  r+r'  the 
emperature  of  the  environment,  and  u+r'  the  actual 
itures  of  the  suspended  plate  at  the  consecutive  times. 
>le  further  contains  dt^t—f  and  8  \og{F,T/0--u)^ 
Fj/0—u')/{Fj/0—u\  and  finally  the  values  of  Aj. 

Table  1. 

External  conductivity.  Complex  Cold  plate  raised. 

lO^x  Mean  environment.  Mean. 

c51og(JV/0-tt)     w  +  r'  r'  t  +  t"  A,  x  10'        ^i  x  10' 


1811  6-6  6-7  30-5  1072    1082 

1766  7-6  5-7  30-5  1045 

1270  8-6  5-7  30-5  1130 

1678  7-3  5-7  29-9  1112    1040 

1792  7-8  6-7  29-9  1061 

1685  8-7  5-7  299  997 

1661  9-5  5-7  29-9  989 
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In  the  second  method  the  water  circalating  in  the  environ- 
ment came  directly  from  the  hydrant,  while  warm  water  cir- 
culated through  Jf'I^y  below  the  contiguous  plates.  After  the 
lapse  of  sufficient  time  the  upper  plate  was  raised  as  before 
and  suspended.  At  the  same  time  tne  oold  water  of  the  envi- 
ronment was  passed  through  JFJP'y  thus  making  the  temperature 
of  the  walls  surrounding  tlie  plate  D  uniform  almost  instantly. 

The  conditions  of  cooling  may  be  taken  from  equation  (1) 
by  making  the  temperature  excess  of  the  environment  rsQ. 
The  equation  reduces  to  In  u'/u^A^O(t^t')/M^o^, 

Data  of  this  kind  are  given  in  Table  2,  where  St^t^f  and 
d  log  u  =  *434  In  u'/Uy  and  where  r  is  the  temperature  of  the 
environment  and  t^+r,  the  actual  temperature  of  the  suspended 
plate.  It  will  be  seen  that  groups  of  consecutive  observatiou 
were  made  after  intervals  of  waiting,  and  that  two  independent 
series  are  in  hand. 

Table  2. 


External  conductivity. 

Uniform 

Hot  plate 

nused 

environment. 

Meto. 

6i 

rf  logM 

fj  +  r 

r 

h^  X  10^ 

A,  X 10^ 

•a 

•c 

•C. 

(  180 

1737 

29-2 

5.6 

1028 

986 

\  180 

1632 

29-4 

5-6 

966 

(  180 

1644 

25-7 

5-6 

973 

Pause  23™ 

j  180 

(  180 

1555 

19-9 

5-6 

914 

1559 

18-9 

5-6 

923 

Pause  35"' 

j  180 
(  180 

1435 

13-9 

5-6 

849 

1506 

13-4 

5-6 

891 

j  180 
(  180 

1653 

29-9 

5-6 

9V9 

919 

1671 

28-0 

5-6 

989 

Pause  23"^ 

\  180 

1590 

21-4 

5-6 

941 

(  180 

1563 

20-2 

56 

925 

Pause  21™ 

i  180 

1504 

16-4 

5-6 

890 

'(  180 

154G 

15-6 

5-6 

915 

Pause  32™ 

180 

1343 

11-5 

5-6 

795 

Mean  : 

A  ^  -0000082  + 

•0000007 

u. 

In  both  series  in  Table  2,  //,  varies  with  the  temperature 
excess ;  and  since  these  values  are  better  than  the  data  of  Table 

1,  I  have  taken  the  mean  equation  for  h^  as  appended  to  Table 

2,  for  the  reduction  of  the  observations  below. 
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Method  of  computation, 

9.  General  case  of  the  envi7*onment — A  short  resum^  of  the 
changes  of  condition  involved  is  here  necessary,  since  for 
reasons  specified  in  §2, 1  f onnd  it  necessary  to  depart  somewhat 
from  the  method  of  Weber. 

In  his  masterly  discussion  of  the  flow  of  heat  in  the  plates 
Weber  shows  that  the  two  copper  discs  are  isothermal  regions 
identical  to  about  1 :  1000  witn  the  upper  and  lower  isothermal 
surfaces,  respectively,  of  the  enclosed  non-metallic  liquid,  no 
matter  what  it  be.     Hence  in  addition  to  Fourier's  well  known 
equation  of  heat  conduction,  the  following  surface  equations 
obtain  for  the  upper  plate :     Given  a  set  of  cylindrical  coordi- 
nates whose  origin  is  in  the  upper  surface  of  the  lower  plate, 
and  whose  axis  coincides  with  the  axis  of  the  plates ;  let  dis- 
tance above  the  surface  of  reference,  radius  and  azimuth  of 
any  point,  whose  temperature  excess  is  u  at  the  time  ^,  be  rep- 
resented bv  a?,  r  and  c>,  respectively.     Let  /•  =  ^  be  the  radius, 
J,  the  thickness,  I^\  tlie  exposed  surface  (top  and  sides),  i^  the 
lower  surface  of  the  upper  plate,  JU^  its  mass,  c^  its  specific 
heat,  and  A,  its  external  conductivity.     Let  J  be  the  thickness 
of  the  layer  of  the  charge,  k  its  absolute  heat  conductivity,  h 
il8  external  conductivity,  o  its  specific  heat.     Finally  let  U  be 
the  uniform  temperature  excess  of  the  system  at  the  time  zero. 
Then  the  conditions  in  question  are 

1.  SB  =  0,  ti  =  0  for  all  values  of  t, 

2.  05  =  ^,  u  independent  of  r  for  all  values  of  t. 

4.  r  =  i2,  k(du/dr)^  -^hu^  =0 

5.  ^  =  0,  w  =  t/J  for  all  the  values  of  x  and  r. 

Weber  expands  w  in  a  series  of  mixed  Bessel  functions  of  the 
type 

-kqU/f>c    .  ,    ^  "kip^-^m^y/pc    .  r/\ 

u  =  Ae  sm  qx-{-Be  sm  pxJ^ymr) 

and  proves  that  by  suitable  spacing  the  copper  discs,  the  value 
of  u  is  almost  wholly  contained  in  the  first  term  even  after 
&  few  seconds.  To  determine  the  constant  q^  the  insertion  of 
the  condition  (3)  is  available :  i.  a,  any  of  the  infinite  roots  of 
the  transcendental  resulting,  leads  to  a  singular  solution  of  the 
equation  of  heat  conduction,  and  thus  the  complete  primitive 
is  given  as  the  sum  of  all  of  these.  But  inasmuch  as  the 
squares  of  the  succession  of  values  q^  q\  .  .  .  ,  increase  rapidly, 
the  singular  solution  and  the  complete  primitive  again  soon 
coiueide  in  the  lapse  of  time.     Thus  the  temperature  excess  of 
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the  upper  plate  (and  it  is  here  that  the  thermo-electric  measure- 
ment is  made)  is  after  a  short  time  (60*), 

M  =  U%m  qJe"  ,  ....  (6) 

where  i^  is  the  smallest  root  of  the  transcendental  referred  to. 

10.  Continuation. — Now  the  change  to  be  made  in  these 
deductions  in  my  own  case,  where  the  environment  may  have 
any  temperature  excess  r,  given  by  replacing  the  condition  (S) 
by  the  equation — 


-^^.P.c.( 


^).=*^(£v''^^-'>  ••••"■' 


where  /t>j  and  p  are  respectively  the  densities  of  the  copperplate 
and  the  charge.     Imposing  this  condition  on  (6)  I  obtain 

^x9,c,~^  sin  qAzizkq  cos^J  +  A,~  sin  qJ—h^^  ^e^''^ 
or  after  further  reduction 
^  J  tan  qJ  HZ  - 


.9.0         Ape    h^  F,      I     /,      JL\  .7, 


Hence  the  value  of  q  in  (6)  is  to  be  the  smallest  root  of  (7). 

If  therefore  consecutive  temperatures,  u^  t/',  ....  are 
measured  at  consecutive  tinges  t,  f\  .  .  .  .  equation  (6)  may  be 
solved  with  reference  to  k  as  follows : 

*  =  ^--i-ln!^=^2.303*i^*L....(8) 
q    t  —  t        u         q  Ot  ^  ' 

Equations  (7)  and  (8)  show  that  the  arithmetical  results  cin 
only  be  obtained  by  successive  approximation.  Disregarding 
the  corrective  factor  in  (7)  approximate  values  of  k  and  q  are 
first  found.  These  are  then  put  in  (7)  and  (8)  and  closer  values 
of  k  and  q  computed.  I  often  repeated  this  operation  again, 
taking  full  cognizance  of  the  change  of  q  with  the  mean  tem- 
perature of  the  charge. 

11.  Speoial  cases, — (1)  If  in  (7)  the  temperature  excess  of 
the  environment,  r  =  0,  the  conditions  revert  to  those  of  Weber. 

(2).  If  as  in  my  case,  the  initial  temperature  be  the  same  for 
the  plates  and  the  environment,  or  if  initially  r  =  t/,  the  correc- 
tion vanishes  at  the  beginning  of  the  work  but  increases  in  the 
lapse  of  time. 

If  u  =  r,  throughout,  the  radiation  correction  would  always 
vanish.     Now  it  struck  me  that  it  might  be  very  well  worm 
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while  to  conetrnct  an  app&ratnB  for  r  =  u ;  for  althougli  ordi- 
narily the  correction  for  snrface  condnction  is  nearly  euoueh 
S'ven  b;  the  computed  value,  there  are  eaacB  of  exceptionally 
A  condnction  (for  inetaace  in  gases)  where  this  is  no  longer 
folly  the  ease.  Snppose,  however,  the  system  be  duplicated 
as  in  fic^re  2.  Let  the 
lower  pair  of  plates,  D,  E,        L,  t  •       t 

be  like  those  of  the  above     r^  r  ig  ^. 

fignre.      Let    the     npper  r^Ci" =-i — 

pair  of  plates  D',  £\   be r 

somewhat  larger,  and  the  '^^^-^^^^^^^^^^^-^■-^■••'  ^ 
condnctor   D',    somewhat    [    :.     '_MLl,'i:'"'    .rr: 
thinner  and  shallowly  bell-  !i   .^  ,.,,....,...,..^'..... 
shaped,  so  as  to  snrronnd    l '    "  '■■■'■■  ■■'■■'--■•:^^ 
the  plate  D  on  all  exposed 
eidea.      Then    if    JFpc/ 
M,c,  =  JF'p'&ZM'fi',  the 
constants  q  and  q'  for  the 


a- 


two  systems  will  be  iden-        Fio.  1. — Duplicate  apparatus  lor  tint 
tioal  to  a  second  degree  of  conduction. 

approximation.     Hence  u  =  u  ,,  and  therefore  as  regards  the 

plate  J),  T=  u  at  all  times. 

In  Qsing  this  device  for  measuring  conduction  in  gases,  the 
environment  ABC,  iignre  1,  woold  have  to  be  sealed  hermeti- 
cally, and  the  gas  to  be  studied,  introduced  into  the  whole 
interior  space,  at  any  temperature  (environment)  or  pressure 
denrable.  In  such  a  case,  since  4.=  J' ,  p  =  p' ,  c  =  c',  c,  =  c,' 
the  simple  conditions  are 

F/i"=  mjm; 

(4)  If  the  environment  be  at  a  temperature  intermediate 
between  the  initial  and  the  final  values  u  of  a  given  pair  of 
observations,  then  1  — r/«  passes  from  positive  to  negative 
Tilnea,  and  the  corrective  may  also  vanish ;  but  this  case  is 
enperfluons  here. 

Returning  for  a  moment  to  case  (2),  it  is  clear  that  the  radia- 
tion corrective  is  least  when  the  temperature  gradient  of  the 
Ujer  is  steepest.  So  long  therefore  as  the  thermal  variation 
of  conductivity  is  not  fully  known,  it  is  advisable  to  prefer 
Mnall  values  both  of  U  and  J. 

Experimental  Results. 

12.  Method  of  observation. — If  after  the  lapse  of  60  minutes 
tbe  plates  were  heated  uniformly,  the  cold  water  faucet  was 
Mddenly  opened;  but  observations  of  temperature  (h)  and 
time  (f)  were  not  commenced  until  a  minute  later.     A  good 
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chronometer  beating  half  seconds  was  at  hand  for  time  measure- 
ment, and  temperatures  (since  relative  values  enter  the  formule) 
were  directlv  given  by  the  deflections  of  the  dead  beat  gilv** 
nometer,  reauced  to  arcs.  For  charges  l*^  thick  (J),  obeenri- 
tions  were  taken  every  20"%  for  charges  '15*^  thick  every  30^, 
and  for  charges  -19*^  thick  every  BO**^.  Usually  24  reading 
were  made  for  each  heating,  which  were  then  combined  m 
four  batches  of  6  observations  each.  By  joining  the  1st  and 
4th,  2d  and  5th,  etc.,  I  therefore  obtained  12  data  for  A*,  with 
the  mean  temperature  corresponding  to  each. 

Headings  of  the  zero  of  the  galvanometer,  and  of  the  tem- 
perature of  the  environment  were  taken  before  and  after  the 
time  measurements;  temperatures  of  the  hot  bath  at  the  begin- 
ning, temperatures  of  the  cold  bath  at  the  end  of  the  work. 

13.  Exhibit — To  avoid  prolixity  I  will  only  give  an  example 
of  the  way  in  which  the  work  was  done.  In  addition  to  the 
corresponding  increments  of  time  {dt)  and  logarithmic  temper*- 
ture  (a  log  u)^  table  3  contains  the  (actual)  temperatures,  u,  to 
u^^  of  the  upper  plate  at  the  beginning  and  end  of  each  batch 
of  six  consecutive  readings.  Thus  each  value  of  X;  is  a  mean 
of  three  pairs  of  sufficient  data.  Furthermore  r  is  {henceforth*) 
the  actual  temperature  of  the  environment,  CTthe  initial  tem- 
perature of  the  upper  and  lower  plate,  d  the  temperature  of 
the  cold  bath ;  and  S  finally  is  the  mean  temperature  of  the 
charge,  the  bottom  being  constantly  cold  ((T)  and  the  top  hot 
(t^°).     The  table  also  contains  the  mean  value  of  the  corrective 


tn 


=  \l{l-Jpch,F,(\  -  Lyj^^^c.kFJg^) 


of  equation  (7)  §10. 

The  two  cases  in  which  the  environment  has  the  final  (cold) 
or  the  initial  (hot)  temperature  of  the  plates  are  distinguished 
as  method  I  and  II,  respectively.  In  case  of  solid  thymol  both 
were  tested  and  led  to  identical  results.  §17. 

To  obviate  discrepancies  due  to  imperfect  adhesion,  expan- 
sion, etc.,  of  solid  thymol,  three  different  values  of  J  are  intro- 
duced as  a  check  on  the  method. 

14.  ConsUmts, — Supplementing  §§  8-10, 1  need  only  add  that 
an  allowance  (/')  of  5  per  cent  of  /''was  made  for  the  contrac- 
tion  of  thymol  on  solidifying. 

F=i  182-3  cm'  J,=  l-300^'" 

JP,=  244-5     "  p,=  8-94    " 

F—f=  173-4    "  c^=  -933  g.  cal. 

*  To  avoid  cumberaomo  notation. 


u 

Q 

T    mxlO»A;xlO» 

OC. 

"C. 

"C.                   g/cs 

27-8 

1  5  9 

6-2     961       356 

28-7 
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5.  Specific  heat  and  density. — In  a  seriee  of  experiments 
sribed  ekewhere^  and  considerably  extended  since,  I  found 
solid  thymol  (if  o  and  p  denote  specific  heat,  density,  and 
iperatnre,  respectively.) 

c  =  -311  (1  + -00802^, 

l/p=:  -963 1/(1 -(•0002466 +  2^)^ 

for  liquid  thymol 

c=-447  (1+ -00238^) 

l/>=  1-0011 3/(1— (-0007600  +  2^))^ 

Qce  with  safScient  accuracy  for  the  present  data  the  tem- 
ature  factor  of  cp  for  the  solid  was  put  (H--0028&),  and  for 
liquid  (1+-0016&).  In  computing  the  correction  factor  in 
ation  (7),  §10,  h^  was  therefore  referred  to  surface  tempera- 
BS  of  the  upper  plate,  while  the  other  quantities  />,  c.  q^ 
AiD  for  the  mean  temperature  6  of  the  charge. 

LBUE  3.    Heat  condition  of  solid  thymol.  A  ='1070<'";  /,  Low  temperature 

environmentf 

to«e  6t  lO^xdlogtt  Meane 

•C.  °0. 

a-19-7     6,"0»-6"0«        806        14-1 

5,20-6,20  822 

6,40-6,40  822 

8-15-4     7,0  -8,  0  825        11-6       —       6-9     6*2     963       356 

7,20-8,20  821 

7,40-8,40  820 

•8-12-4     9,  0-10,0  817         9-8         —       5-9     6-2     965       354 

9,20-10,20  811 

9,40-10,40  815 

•0-10-1      11,0-12,0  810         8-6         —       5-9     6*2     966       355 

11,20-12,20  812 

11,40-12,40  827 

A  ='1070«™;  //,  High  temperature  environment.^ 

i-<-191     3'^0»-4",  0»  780        13-6     27-8(^5-9     28-5     1019  360 

3,20-4,20  785                    27*8  ) 

3,40-4,40  790 

i-3-161     6,  0-6,  0  77*2         11*8          —     5-9    28-5     1043  360 

5,20-6,20  768 

5,40-6,40  773 

1-6-12-4     7,  0-8,  0  747         9*7           —     5-9     28-5     1075  361 

7,20-8,20  755 

7,40-8,40  743 

M-10-6  9,  0-10,  0  723    8*6    —  5*9  28-5  1120  360 

9,20-10,20  71 : 

...9,40-10,40  709 

*Frooeed!  Am.  Acad.,  zxyi,  p.  313, 1892.    f  Plate  E  suddenly  cooled  at  4*°  0*. 
t Plata  ^suddenly  cooled  at  2*"  0*. 
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17.  Digest. — My  data  for  k  have  been  Bninmarized  in  Tal 
4.  In  constructing  meau  Talaes  for  k,  for  each  heating,  di 
below  ll>"=  H  arc  iisiinlly  diKcardeil,  because  in  these  cases  t 
correctinii  fact'^r  /)'  can  no  longer  be  foond  withont  difficn! 
in  view  of  the  rapid  variatiou  of  '/.  The  table  also  contu 
the  mean  values  for  thormoinetric  condnctivity  (x=k// 
obtained  (§16)  by  patting  for  the  liquid  at  13°,  pc  =-453,  ai 
for  the  solid  at  13'*  and  at  11°,  pc  =334  and  -333  respective! 
with  the  currc'spuiiiliiii!:  mean  k  for  each  spacing,  J. 

Table  i.—Cuniluiiiviij  at  Mild  and  o(  liquid  tliymoL 


SoOi  Thymol,  A  =  -191» 


UetQ        txlOi 


[10*   Uethod   'C.       g/cs 


Umd 
10*    k  X  10* 
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18.  Candtcsion. — The  results  of  this  long  and  tedious  inves- 
igation  may  be  stated  in  a  few  words.  The  mean  values  of 
he  absolute  heat  conductivity,  £,  of  thymol,  obtained  from 
he  measurements  as  a  whole  are  in  g/cs. 

Solid  thymol,     12°    10'xA;  =  369 
Liquid  thymol,  13°,  lO*xA;=  313 

rhe  mean  values  of  thermometric  heat  conductivity  x,  are  in  c^/s^ 

Solid  thymol,     12°,   lO'X  k  =  1077 
Liquid  thymol,  13°,  lO'X  ^=    691 

Hence  the  increment   of   heat  conductivity,  encountered  on 
passing  from  liquid  to  solid,  at  say  13°,  referred  to  solid  con- 

dnctivity, 

(A;-.F)/^=  '13,  («—«')/«  =  -36  ; 

and  the  corresponding  increment  referred  to  liquid  conduc-^ 

tivity  is 

{k  -  k')/k'=:'lb,  (h  -  k')/x'=-56 

'Sow  since  in  all  questions  relative  to  thermal  flux,  it  is  the 
thermometric  conductivity  which  enters  fundamentally  into 
the  considerations,  the  importance  of  the  effect  produced  when 
any  part  of  the  substance  changes  state  is  obvious. 


Art.  II. — O71  Polyhasite  and  Tennantite  from  the  MoUie 
Gibson  Mine  in  Aspen^  Colorado  ;  by  S.  L.  Penfield  and 
Stanley  H.  Pearce. 

During  the  past  year  the  MoUie  Gibson  Mine  has  been 

one  of  the  most  productive  in  Colorado.     Our  attention  was 

first  called  to  the  specimens  from  there  by  Dr.  Richard  Pearce 

of  Denver,  who  sent  a  few  to  New  Haven  for  identification. 

Later  Mr.  C.  E.  Palmer,  general  Manager  of  the  Mollie  Gibson 

Consolidated  Mining  and  Milling  Company,  generally  supplied 

Tw  with  specimens  and  information  concerning  their  occurrence. 

We  take  pleasure  in  expressing  to  both  of  these  gentlemen  our 

thanks  for  their  courtesy.     From  Mr.  Palmer's  annual  report 

to  the  stockholders  for  the  year  1891,  of  his  company  we  quote 

8ome  figures,  which  are  of  interest  as  showing  the  wonderful 

richness  of  the  mine.     Most  of  the  production  dates  from  the 

month  of  March,  when  the  rich  ore  was  first  encountered,  and 
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for  the  most  part  was  taken  /rom  an  area  of  about  one  half 
acre  of  territory,  with  a  maximum  depth  of  but  800  feet  Net 
weight  of  ore  9,080,570  lbs.,  carrying  2,068,149  ounces  of 
silver,  an  average  of  452  2  ounces  per  ton. 

The  rich  ore  occurs  between  a  hanging  wall  of  black  car- 
bonaceous shale  and  a  foot  wall  of  gray  magnesian  limestone, 
which  is  probably  of  lower  carboniferous  age.  The  ore  i% 
richest  and  most  abundant  immediately  under  the  black  shale& 
The  minerals  which  have  been  observed  at  the  mine  are  poly- 
hasite, tennantite,  native  silver  (sometimes  in  very  beautiful 
specimens),  argentite,  galena,  sphalerite,  siderite,  barite  and 
calcite. 

Polyhasite  or  "  brittle  silver* "  of  the  miners. 

This  is  the  most  abundant  silver  mineral  at  the  mine  and 
occurs  massive,  with  grayish  black  color  and  irregular  fracture. 
Large  quantities  of  it,  nearly  free  from  gangue,  have  been 
mined,  assaying  from  10,000  to  16,000  ounces  of  silver  to  the 
ton.  A  very  abundant  and  conspicuous  ore  is  a  pink  barite 
(*'  pink  spar")  with  the  polybasite  disseminated  quite  uni- 
formly through  it  and  assaying  from  1800  to  2700  ounces  of 
silver  to  the  ton.  The  mineral  also  occurs  as  streaks  and  par- 
ticles in  the  shales  and  limestones  on  the  borders  of  the  deposit, 
and  even  some  seams  of  impure  coal,  above  the  shales,  are  quite 
rich  in  silver. 

The  massive  polybasite  is  not  a  pure  mineral  as  it  appears  at 
first  sight  to  be.  The  analyses  show  a  wide  variation  in  the 
percentage  of  lead  and  do  not  yield  a  satisfactory  formula  until 
this  metal  is  deducted  in  the  form  of  galena,  although  the  lat- 
ter is  no  where  visible  in  the  material  which  was  analyzed. 
The  remaining  impurity  consists  of  a  carbonate  of  iron  and 
manganese,  which  is  very  evenly  distributed,  is  black  from  car- 
bonaceous material  and  not  conspicuous  in  the  metallic  sulphide. 
The  analysis  is  given  beyond. 

Some  of  the  specimens  consist  of  a  fine  grained,  crystalline 
carbonate  of  iron,  manganese  and  zinc,  having  a  brown  color 
and  probably  a  variety  of  siderite.  This  seems  to  have  been 
deposited  over  tabular  crystals  of  polybasite,  but  it  can  not  be 
broken  away  so  as  to  show  the  crystalline  form  of  the  latter  as 
it  adheres  quite  tenaciously.  Some  of  the  polybasite  crystals 
are  surrounded  first  by  a  layer  of  siderite,  then  by  a  narrow 
zone  of  metallic  mineral  and  then  again  by  siderite.  As  this 
seemed  to  be  the  nearest  approach  to  the  pure  crystallized  silver 
mineral,  which  we  were  likely  to  obtain,  great  pains  was  taken 
to  pick  out  a  suflicient  quantity  for  the  following  analysis. 
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MMSlTe  mineral. 
Analytls  by  S.  H.  Pearce. 
Specific  grvrity  of  three  pieces 
6t}8. 5ft  and  6-10. 

I.          II.      ATerage. 

• 

Crystals  n*om  slderite. 
Analysis  by  S.  L.  Penfleld. 
Specific  gravity  6-080. 

S            1577 

15-88 

15-83 

S 

17-42 

As           4-48 

4-46 

4-47 

As 

6-10 

8b           013 



0-13 

Sb 

0-26 

Ag        42-52 

42-45 

42-49 

Ag 

49-51 

Cu           9-21 

9-15 

9-18 

Cu 

12-92 

Zn           2-23 

2-27 

225 

Zn 

2  45 

Pb         2084 

20-82 

20-83     = 

galena, 

PbS  24-05  Pb 

10-58     =  PbS     12-22 

FeCO,     2-67 

2-57 

2-57^ 

FeCO, 

^'^^  ^                     0-59 

IIdGO,   0-98 

107 

1-03 

^.j3  MnCO, 

CaCO,    0-20 

«  —  •  * 

0-20  [ 

Insol.      0-32 

•34 

0-33  J 
99-31 

Impurity 

28-18 

99  83    Impurity  12-81 

The  above  analyses  do  not  agree,  nor  in  their  present  form 
can  they  be  referred  to  any  known  species,  bnt  after  deducting 
28'18  per  cent  of  impurities  from  the  first  and  12*81  from  the 
second,  and  recalculating  to  one  hundred  the  results  are  as 
follows : 


Massive  mineral. 


s 

As 

Sb 

Ag 
Cu 
Zu 


17-73 
6-29 
0-18 

59-73 

12-91 

3-16 

100-00 


Crystals  from  siderite    Theoretical  composition  where 
Sp.  gr.  corrected  =  5  94     Aga:  Cua:  Zn=263:  117:43 

1813  Ratio 

7-01-=-160    =-0467 
0-30-^244     =-0012 

56-90-=-216    =   -263  )  67-07 

14-85-=- 126'8=   -117  >• -423  14-91 

2-81—   65    =   -043  )  2-81 


I  -0479 


18-13 
7-08 


100-00 


100-00 


The  analyses  are  now  similar  and  in  the  second,  which  was 
made  on  the  purest  material,  the  ratio  of  (Ag,+Cua+Zn) : 
(A8,+Sb,)=-423:-0479  or  9-00:1-02,  almost  exactly  that  re- 
quired by  the  formula  9Ag,S,  As,S,.     As  is  always  the  case 
with  this  mineral,  a  rather  large  proportion  of  the  Ag,  has  been 
replaced  by   Cu,  and   some   by   Zn.     The   analyses  are  also 
interesting  as  showing  that  this  mineral  is  a  nearly  pure  arsen- 
ical  polybasite.     H.    Rose*   gives   one   analysis   of  a  variety 
from  Chemnitz  in  Saxony,  which  agrees  with  ours  in  contain- 
ing only  a  trace  of  antimony  ;  with  this  exception,  in  all  of  the 
analyses  which  have  been  published,  antimony  predominates. 
Although  polybasite  has  been   known  to  occur  in  the  United 
States,  the  only  published  analysis  is  one  by  F.  A.  Genthf  of 
a  crystal  from  the  Terrible  Lode,  in  Clear  Creek  Co.,  Colorado. 

*^ogg.  Annalen,  xxviii,  1833.  p.  156. 

f  Proc.  Amer  Phil.  Society,  xxiii,  1 886,  p.  39. 
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Tennantite  or  arsenical  tetrahedrite,      *'  Gray  copper  "^^  in  j, 

the  miners. 

Among  the  specimens  of  massive  polybasite,  just  desc 
there  were  a  few  wliicli  contained  patches  of  a  steel  grai 
eral,  differing  only  slightly  in  color  from  the  blacker  polyi 
No  crystals  were  observed  and  it  was  necessary  to  pick 
carefully,  in  order  to  secure  sufficient  pure  material  f( 
following  analysis.  The  mineral  gave  a  reddish  streak,  ( 
little  daAer  in  color  than  that  of  iiematite.  The  analyi 
Penfield  is  as  follows  : 

Tlieoretical  compoi 
Specific  gravity,  4*56  where  Cuj :  Aga :  Zn  =  282: 


s 

25-04 

25-66 

As 
Sb 

17-18^-160    =-1146    ) 
0-13-=-244     =-0005    f    ^''"^ 

17-18 

Cu 

35-V2-M26-8=   -282  ' 
13-65-T-216     =    -063 

36-29 

Ag 

13-86 

Zn 

6-90^   65     =    -106    [^-463 

7-01 

Fc 

0-42^   56     =    -008    1 

Pb 

0-86  :  207    r=   -004  J 

99-90  100-00 

The  ratio  of  the  metals  to  (As,-f  Sb,)=-463: -115  or 
0*99,  almost  exactly  that  required  by  the  formula  4 
ASjS,.  A  part  of  the  Cu,  is  replaced  by  Ag,  and  Zn. 
not  certain  whether  the  small  quantities  of  Fe  and  P 
impurities  or  whether  they  belong  to  the  mineral, 
analysis  is  interesting  as  it  shows  an  unusually  high  perc€ 
of  silver. 

Although  tennantite  has  been  known  to  occur  in  the  X 
States,  we  can  find  no  analyses,  and  very  little  mention 
in  scientific  literature. 

According  to  information  received  from  Dr.  Pearce 
from  our  own  experience,  polybasite  and  tennantite  a; 
rare  silver  ores  in  Colorado.  Polyhasite  occurs  well  ci 
lized  in  the  mines  about  Georgetown,  at  the  Yankee  Boy 
near  Ouray,  in  the  Marshall  Basin  near  Telluride  and  pre 
at  a  number  of  mines  in  the  Red  Mountain  District.  Te 
tite  has  been  observed  well  crystallized  at  the  mines 
Central  City  and  at  the  Freeland  Lode  and  Crocett  Min< 
Idaho  Springs. 

Mineralogical  Laboratory  of  the  Sheffield  Scieutitic  »S<.'hool. 

New  Haven,  Dec.,  1891. 
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Art.  IIL — Post- Laramie  Deposits  of  Colorado;  by  Whit- 
man Cross. 

[Published  by  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey] 

Litrodiictory, 

Among  questions  in  American  geology  which  have  given 
rise  to  prolonged  discussion  and  controversy,  few  if  any  have 
been  more  prominent  than  that  as  to  the  age  of  the  great 
Laramie  Formation  or  Group  of  the  Rocky  Mountain  region. 
This  observation,  made  by  Mr.  Clarence  King  in  the  final 
report  of  the  Fortieth  Parallel  survey^  in  1878,  is  still  more 
true  to-day  than  it  was  at  that  time.  When  it  is  considered, 
however,  that  a  very  large  part  of  the  earlier  publications  were 
based  upon  mere  geological  reconnaissance,  and  that  the  area 
involvea  extends  across  the  United  States  in  its  most  ifiacces- 
sible  and  least  known  portion,  from  Mexico  to  British 
America,  it  must  be  plain  that  controversies  and  misunder- 
standings were  unavoidable,  and  indeed  quite  natural. 

A  few  years  ago  it  seemed  to  many  geologists  that  the  Lar- 
amie question   was  practically  settled,    or   in   a   fair  way  to 
settlement     But,  as  certain  areas  of  the  West  have  been  more 
carefully  explored,  the  question  has  been   in  a  measure  re- 
opened, but  with  a  change  in  its  phase,  so  that  it  is  not  now  so 
much   "  To    what   age   does   the   Laramie  belong  ?"  as  it  is 
''  What  belongs  to  the  Laramie  ?"      For  the  newer  researches, 
whatever  their  direction,  all  tend  to  show  that  the  Laramie 
has  been  a  great  omnibus  division  into  which  has  been  cast 
everything  ascertained  to  lie  between  the  marine  Cretaceous 
and  the  lowest  recognized  Eocene  deposits,  together  with  a 
number  of  other  formations  whose  positions  were  not  deter- 
mined.    It  is  the  aim  of  this  paper  to  show  that  there  exists  at 
least  one  important  group  of   formations  which    have  been 
considered  as  belonging  to  the  Laramie,  but  which  are  very 
markedly  distinct   from  the  formation   to  which  that  name 
properly  belongs. 

As  far  as  the  writer  is  aware  the  first  definite  proof  that  a 
given  section  assigned  to  the  typical  Laramie  contained  mem- 
bers separated  by  important  unconformities  and  of  widely 
different  lithological  character,  was  afforded  by  the  work  done 
in  the  vicinity  of  Denver,  by  the  Colorado  Division  of  the  U. 
S.  Geological  Survey,  in  charge  of  Mr.  S.  F.  Emmons.  A 
preliminary  account  of  these  researches  was  presented  to  the 
Colorado  Scientific  Society,  July  2,  1888,  in  articles  by  G.  H. 
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Eldridge  and  the  writer.*  In  this  Journal  for  April,  1889, 
the  second  of  these  articles  "  The  Denver  Tertiary  Forma- 
tion," was  published  in  revised  form.  During  the  last  three 
yeare  further  discoveries  bearing  upon  this  question  have  been 
made  in  various  fields  by  several  observer,  and  it  is  desired  to 
present  here  a  connected  statement  of  these  new  facts,  together 
with  a  discussion  of  their  significance. 

Descripiion  of  the  Deposits. 

Denver  and  Arapahoe  Formations. — In  the  detailed  exam- 
ination of  the  Denver  region  above  mentioned,  it  was  found 
that  the  continuous  so-called  ''  Laramie  "  section  exposed  near 
Golden  consisted  of  three  divisions  :  1°,  a  lower  member,  700 
-800  feet  thick,  conformable  with  the  Fox  Hills,  containing 
productive  coal  measures  and  a  flora  and  fauna  characteristic 
of  the  Laramie  as  comtnonlv  known  ;  2°,  a  middle  member, 
800  fcyet  thick,  unconformable  with  the  lower  member,  char- 
acterized by  a  conglomerate  which  carries  pebbles  recognized 
as  coming  from  the  Laramie,  Fox  Hills,  Niobrara,  Benton,  and 
Dakota,  Cretaceous,  the  Jura,  the  Trias,  and  the  Carbonifer- 
ous;   3°,  an  upper  member,  1400  feet  thick,  unconformable 
with  the  middle  member,  and  characterized  lithologically  as 
composed  very  largely  of  debris  of  andesitic  lavas,  none  of 
which  appeared  in  the  preceding  deposits.     To   the  middle 
member  of  this    series   Mr.  Eldridge  gave  the  natne  "The  : 
Arapahoe  Beds ;  "  to  the  upper  member  was  assigned  the  name 
"  The    Denver    Beds."      It   was  found   that   the  celebiat^l 
fossil-leaf  horizon  of  Table  Mountain,  at  Golden,  belonged  to 
the  Denver  beds  and  consequently  that  the  "  Laramie "  flora 
of  Golden,  described  by  Lesquereux  and  Ward,  belonged  to 
two  distinguishable  horizons,  and  chiefly  to  the  upper  one. 
The  Arapahoe  and  Denver  beds  were  found  to  contain  a  ver- 
tebrate fauna  not  known  in  the  coal  measures  below,  and  to 
this  point  reference  will  be  made  in  a  later  section  of  this 
article. 

The  stratigraphical  and  lithological  evidence  above  summa- 
rized indicated  clearly  that  the  Arapahoe  and  Denver  beds 
were  separated  from  the  Laramie  below  by  a  long  period  of 
very  important  orographic  disturbances,  as  attested  by  the 
pebbles  in  the  Arapahoe  conglomerate.  As  the  fossil  flora  and 
fauna  of  the  formations  did  not  seem  to  be  necessarily  opposed, 
the  two  formations  in  question  were  referred  in  the  publica- 
tions cited  to  the  early  Eocene,  and  probably  to  a  horizon 

*  On  some  stratigraphical  and  structural  feaiures  of  the  country  about  Denver* 
Colorado;  by  George  H.  Kldridge.  The  Denver  Tertiary  Formation;  by  Whit- 
man Cross.     Proc.  CoL  Sci.  Soc,  vol.  iii,  part  f,  pp.  86-133. 
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^low  any  other  recoOTized  member  of  that  divisioD.  Having 
ius  briefly  restated  the  stratigraphical  evidence  of  the  forma- 
ons  near  Denver  the  developments  of  the  last  three  years  in 
ther  districts  will  be  reviewed. 

Huerfano  Series, — In  the  Huerfano  basin  in  southern  Col- 
rado  Mr.  R.  C.  Hills  has  discovered  and  described  *  a  series 
[  strata  7,100  feet  in  thickness  which  he  refers  to  the  Eocene, 
ecanse  their  lower  member  is  decidedly  unconformable  with 
le  underlying  well-known  coal-bearing  Laramie  of  southern 
olorado,  and  oecause  the  upper  division  contains  mammalian 
^mains  of  the  Bridger  Eocene.  For  the  whole  series  Mr. 
[ills  submits  the  following  scheme  of  division  : 

i  Huerfano  beds,  3,300  feet=Bridger  Group, 
[uerfano  Series  \  Cuchara  beds,  300  feet  [  j  ^ 

(Eocene)        /  Poison  Canon  beds,  3,600  feet  C  ^^^^*'  i^-ocene. 

Great  angular  unconformity  exists  between  the  Laramie  and 
le  Poison  Cafion  beds,  but  none  has  been  detected  between 
le  designated  members  of  the  new  series.  The  Poison  Cafion 
ad  Cucnara  beds  are  at  present  separated  from  each  other  and 
rom  the  Huerfano  beus  on  lithological  grounds  only,  the 
^rmer  consisting  of  ^'  soft  sandstones  and  fine  conglomerates 
f  a  yellowish  tmt,  with  occasional  bands  of  yellow  clay  or 
larl,"  while  the  latter  is  a  well  defined  horizon  of  "  pink  and 
rhite  massive  sandstones."  The  Huerfano  beds  consist  of 
^  marls,  clays,  soft  shales  and  sands,  of  red,  gray,  yellow,  green 
md  purple  colors,  red  predominating."  In  tnese  have  been 
Eound  remains  of  TiUotherium^  Hyra^hyus^  Olyptosaurus^ 
PalxBOsyops,  and  other  forms  which  seem  to  correlate .  the 
strata  containing  them  with  the  Bridger  Eocene.  This  dis- 
covery of  Eocene  deposits,  containing  a  well-marked  mam- 
malian fauna,  on  the  eastern  slope  of  the  Rocky  Mountains  is 
certainly  significant.  And  it  is  highly  probable,  as  pointed 
out  bv  Mr.  Hills,  that  the  Cuchara  and  Poison  Cafion  beds  are 
contemporary  with  some  of  the  other  post-Laramie  formations 
to  be  mentioned. 

Gumiison  County. — A  fund  of  new  observations  bearing 
open  the  present  question  is  to  be  found  in  the  address  of  Mr. 
A.  C.  Hills  as  retiring  President  of  the  Colorado  Scientific 
Society,  delivered  December  15,  1890,  but  only  very  recently 
pnblished.f     In  that  portion  of  this  address  treating  of  the 

*The  recently  discovered  Tertiary  beds  of  the  Huerfano  river  basin,  Colorado 
(with  map);   Proc.  Ool.  Scientific  Society,  vol.  iii,  part  I,  pp.  148-164,  1888. 

Additional  notes  on  the  Huerfano  beds;  ibid,  vol.  iii,  part  II.  pp.  217-223,  1889. 

Remarks  on  the  classification  of  the  Huerfano  Koceue.  Read  before  the  Col. 
5ci.  Soc.  Feb.  2,  1891.     Not  yet  published  in  full. 

f  Orographic  and  structural  features  of  Rocky  Mountain  geology.  Proc.  Col. 
«.  Soc,  vol.  iii,  part  III,  pp.  359-458.  1891. 
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period  between  the  marine  Cretaceons  aud  the  Wasatch 
Eocene,  Mr.  Hills  gives  much  important  original  information 
concerning  the  Laramie  and  various  post-Laramie  formations. 
The  first  one  of  these  later  deposits  to  be  mentioned  occurs 
in  western  Colorado  on  the  western  slope  of  the  Elk  Moun- 
tains.    Its  southern  limit,  as  now  known,  is  about  Irwin,  a  few 

miles  to  the  westward  of  Crested  Butte  in  Gunnison  Countv. 

• 

It  rests  upon  the  normal  Laramie  carrying  anthracite  coal  beds 
on  the  northern  slopes  of  the  Anthracite  range,  occupies  a 
considerable  area  at  the  head  of  Anthracite  creek,  and  thence 
extends  northward  for  80  miles  to  Grand  river.  The  develop- 
ment on  Anthracite  creek  comes  within  a  district  which  has 
been  examined  in  detail  by  the  Colorado  division  of  the  U.  S. 
Geological  Survey.  In  the  course  of  this  work  the  provisional 
name  of  the  '*  Ruby  beds  "  was  assigned  to  these  strata  on 
account  of  their  prominent  development  in  Ruby  Peak,  near 
Irwin,  where  their  thickness  exceeds  2,000  feet,  and  this  name 
is  used  by  Mr.  Hills  in  his  address  in  referring  to  them. 

In  the  Irwin  region  the  Laramie  strata  have  a  thickness  of 
about  1500  feet.  They  are  succeeded  by  2000  feet  of  con- 
glomerates, sands  and  shales,  composed  almost  entirely  of  the 
debris  of  volcanic  rocks  of  andesitic  character,  here  much 
hardened  and  metamorphosed  by  later  eruptive  rocks  which 
pierce  them  in  numerous  dikes.  The  basal  member  of  the 
series  is  a  conglomerate  of  small  pebbles,  which  is  usually 
uncomformable  on  a  small  scale  with  the  Laramie,  and  also 
exhibits  a  great  variability  in  constitution.  In  some  places  it 
consists  entirely  of  andesitic  pebbles,  in  others,  of  a  mixture  of 
such  material  with  white,  black  or  reddish  chert  pebbles,  some 
of  which  show  cavities  representing  crinoid  stems.  Again, 
the  lower  part  of  the  conglomerate  may  be  free  from  andesitic 
pebbles. 

To  the  northward  of  the  Irwin  region  Mr    Hills  has  traced 
out  the  Ruby  beds,  with  a  decreasing  thickness  reaching  a 
minimum  of  300  feet  near  the  northern  limit  on  Grand  river. 
Concerning  their  development  at  this  point  Mr.  Hills  says: 
"  South  of  the  Great  Hogback  at  Coal  ridge,  there  is  an  abrupt 
change  in   the  composition  of  the   sediments   previously  re- 
garded as  Laramie.      The  firm  gray  sandstones  of  the  coal 
measures  arc  there  succeeded   bv  about  200  feet  of  soft  white 
sandstones  and   yellow   clays,  followed   bv  about   300  f eet  oi 
tufaceous  strata,  more  or  less  conglomeritic  and  usnally  loosely 
aggregated,  but  resting  on  a  hard,  coarse  basal  conglomerate 
about  4:0  feet  thick  made  uj)  wholly  of  eruptive  debris.     The 
tufaceous  beds  are  in  turn  succeeded  by  600  feet  or  more  of 
shales  and  soft  brownish  sandstones  which  may  be  in  part  of 
Wasatch  age."  * 

*0p.  cit ,  p.  390. 
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On  Ohio  creek,  but  a  few  miles  beyond  the  southern  limit 
of  the  Ruby  beds,  there  are  two  small  isolated  patches  of  loose 
friable  sandstones,  grits,  and  fine  conglomerates,  resting  on  the 
coal-measures  of  the  Laramie,  and  seemingly  in  small  basins  of 
erosion.  Owing  to  the  disturbances  caused  by  adjacent  lacco- 
lites  it  is  impossible  to  see  the  relationship  of  the  formations 
clearly.  The  chert  pebbles  of  these  beds  contain  c^inoid  stems 
and  other  apparently  Carboniferous  fossils,  and  are  identical 
in  character  with  those  already  mentioned  as  frequently  found 
in  the  basal  conglomerate  of  the  Ruby  beds  near  Irwin.  These 
facts  suggest  that  the  chert  pebbles  of  the  Ruby  conglomerate 
mav  be  the  residuum  from  the  destruction  of  Ohio  creek  beds 
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formerly  existing  to  the  north  of  the  Anthracite  range.  Mr. 
Hills  does  not  mention  such  pebbles  in  the  section  near  Coal 
ridge  above  described,  but  he  does  suggest  a  possible  correla- 
tion between  the  Ohio  creek  beds  and  the  soft  yellowish  sand- 
stones found  at  the  north  between  the  "  firm  gray  sandstones 
of  the  coal-measures  "  and  the  Ruby  conglomerate.  He  also 
thinks  that  the  Carboniferous  chert  pebbles  of  the  Ohio  creek 
beds  indicate  a  postLaramie  erosion  of  the  entire  Cretaceous 
section,  exposing  Carboniferous  strata.  Whether  this  hypoth- 
esis be  established  or  not  it  is  true  that  such  materials  are  not 
seen  in  the  Cretaceous  beds  above  the  Dakota  conglomerate, 
and  it  is  not  known  to  the  writer  that  they  have  been  found 
at  that  horizon  in  this  region,  though  not  uncommon  along 
the  Front  range  and  in  Middle  Park. 

Mr.  Hills  has  found  that  on  Grand  river  the  Ruby  beds  lie 
between  the  Wasatch  and  the  Laramie.  The  lithological  and 
stratigraphical  evidence  given  there  distinctly  suggests  that 
the  Ruby  beds  may  be  the  equivalent  of  the  Denver  forma- 
tion, and  less  decidedly  that  the  Ohio  creek  beds  may  possibly 
represent  the  Arapahoe  formation.  No  fossils  excepting  car- 
bonized plant  stems  have  been  found  in  the  two  new  forma- 
tions. The  writer  does  not  place  much  weight  on  the  mere 
coincidence  in  eruptive  character  of  the  materials  in  the  Ruby 
and  Denver  beds,  beyond  the  marked  fact  which  seems  to  be 
developing  from  experience  that  a  number  of  formations  of 
apparently  the  same  stratigraphical  position  are  thus  charac- 
terized. It  may  finally  come  to  be  a  criterion  of  considerable 
value. 

Tampa  Miver. — In  northwestern  Colorado  on  the  Yampa 
river  Mr.  Hills  finds  reason  to  believe  that  there  is  a  distinct 
formation  between  the  Laramie  proper  and  the  Wasatch,  but 
ia  at  present  able  to  give  no  positive  evidence  for  this  view 
except  that  the  normal  series  of  the  Laramie  has  above  it  a 
formation  "of  soft  sandy  strata  with  some  shales  and  clays" 
containing   impure    lignitic   beds,   and   of    general   diflEerent 


24         W,  Cross — Post-Laramie  Deposits  of  Colorado. 

physical  appearance  from  the  beds  of  the  Laramie.     Above 
these  are  unquestioned  Wasatch  beds.* 

South  Park, — Near  Como  in  South  Park,  Colorado,  Mr. 
Hills  has  found  a  very  remarkable  formation  which  will  be 
best  described  in  his  own  lan^age :  '*  While  recently  en 
gaged  in  the  examination  of  the  small  Laramie  area  in  the 
South  Park  basin,  I  there  observed  unquestionable  evidence 
of  a  former  grand  eruption,  of  a  character  not  previously  noted 
in  that  part  of  Colorado.  The  evidence  consists  in  the  occur- 
rence of  thick  sheets  of  eruptive  conglomerate,  intruded 
partly  into  the  marine  Cretaceous  and  partly  into  the  Laramie, 
to  some  extent  above  the  workable  coah  These  sheets  are 
continuous  from  Mine  No.  6  near  Como  to  the  southern  limit 
of  the  Laramie  beds,  a  distance  of  fully  fifteen  miles,  beyond 
which  I  did  not  trace  the  exposures.  About  three  miles  south 
of  Mine  No.  5,  the  intrusions  above  and  below  the  coal  beds 
coalesce  and  form  a  body  of  conglomerate  several  hundred 
feet  thick  completely  cutting  out  the  workable  measures  for 
nearly  a  mile.  The  material  consists  of  rounded  pebbles  and 
bowlders  of  andesite  embedded  in  a  matrix  of  finer  material 
of  similar  composition."  ..."  The  material  itself  may  be  re- 
garded as  the  product  of  intense  dynamic  movement,  probably 
brought  to  the  surface  as  a  hot  conglomeritic  mud,  or  in  a 
condition  to  produce  an  explosive  eruption,  whenever,  owing 
to  diminished  pressure,  the  contained  water  flashed  into 
steam."  .  .  .  "  The  material  then  thrown  out  and  scattered  over 
the  surface  would  be  in  a  condition  to  be  transported  in  large  ^ 
quantities  to  the  nearest  area  of  sedimentation — the  Denver 
basin — and  presumably  at  the  very  time  when  the  Denver  beds 
were  laid  down."  f 

It  seems  to  the  writer  that  the  character  ascribed  to  the 
South  Park  eruption  is  so  novel  and  its  extent  so  far  a  matter 
of  speculation  that  it  can  at  present  hardly  enter  as  an 
important  factor  into  the  question  as  to  the  origin  of  the 
eruptive  materials  of  the  Denver  beds.  The  facts  concerning 
the  constitution  of  the  Denver  beds  given  in  the  original 
article  do  not  allow  of  the  adoption  of  Mr.  Hills'  suggestion. 
They  demand  a  source  near  at  hand  and  one  whose  location 
shall  explain  why  eruptive  material  practically  excludes 
Archaean  material  in  fine,  slowly  deposited  sediments,  close  to 
an  Archaean  shore-line. 

Canon  City, — In  his  address  Mr.  Hills  refers  to  remnants 
of  a  formation  near  Cafion  City  which  seems  related  to  the 
Denver  formation.  Through  his  kindness  in  personally  com- 
municating the  news  of  his  discovery,  my  colleague,  Mr.  G.  H. 
Eldridge,   was    enabled  in   the   season  of   1890  to  hurriedly 


Op.  cit,  p.  389. 
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examine  the  region,  in  connection  with  other  field  work,  and 
kindly  allows  me  to  state  the  results.  At  Windy  Gap,  a  few 
miles  east  of  south  from  Cafion  City,  Mr.  Eldridge  found  the 
normal  section  of  the  Laramie  sandstones  very  steeply  up- 
turned, resting  on  Montana  shales,  while  above  them  came  a 
heavy  conglomerate  composed  mainly  of  Archsean  debris,  but 
containing  in  addition  pebbles  recognized  as  belonging  to 
various  older  sedimentary  horizonp,  such  as  the  Niobrara  and 
Dakota  Cretaceous,  and  the  Jura.  These  conglomerates  are 
also  upturned,  but,  probably  because  they  come  directly  in  the 
fold,  they  are  less  steeply  inclined  than  the  Laramie.  Angu- 
lar unconformity  with  the  Laramie  was  not  determined. 
Separated  from  the  conglomerate  by  a  gap  of  500  feet,  in 
which  there  are  no  outcrops,  are  horizontal  beds  of  conglom- 
erate consisting  of  andesitic  pebbles.  As  the  fold  is  plainly 
abrupt,  this  position  is  not  evidence  of  angular  unconformity. 
Mr.  Eldridge  did  not  have  time  to  trace  out  either  of  these 
formations,  which,  though  apparently  remnants  at  the  place 
observed,  are  probably  represented  elsewhere  in  the  immediate 
vicinity.  The  fact  was  established,  however,  that  two  forma- 
tions corresponding  in  stratigraphical  position  and  lithological 
character  to  the  Arapahoe  and  Denver  beds  exist  near  Cafion 
City. 

Anivftas  River. — Through  the  courtesy  of  Dr.  C.  A.  White 
and  his  assistant,  Mr.  T.  W.  Stanton,  I  am  enabled  to  state 
that  the  latter  has  recently  found  the  formation  crossing  the 
Animas  Kiver  about  five  miles  south  of  Durango,  Colorado, 
which  is  represented  as  Laramie  upon  the  Hayden  map,  to 
consist  of  conglomerates,  sandstones  and  shales,  whose  material 
is  of  andesitic  rocks,  as  far  as  shown  by  the  specimens  col- 
lected.    By  referring  to  the  Hayden  atlas  of  Colorado,  sheet 
15,  it  will  be  seen  that  the  coal-measures  of  this  region  were 
there  referred  to  the  Fox  Hills,  though  their  identity  with  the 
normal  Laramie  measures  elsewhere  in  Colorado  is  at  present 
probably  unquestioned  by  any  one. 

On  the  western  bank  of  the  Animas  River   Mr.  Stanton 
found  a  bed  of  conglomerate  about  200  feet  thick  resting  upon 
the  coal-measures  with  apparent  conformity.     The  specimens 
of  this  conglomei*ate  collected  by  him  are  purplish  or  yellow- 
ish brown  in  color,  the  pebbles  are  of  hornblende-  or  pyroxene- 
andesite,  and  the  matrix  is  a  gravel  of  the  same  cnaracter. 
Above  the  conglomerate  are  brown  sandstones,  very  similar  to 
the  Denver  sandstones  of  Table  Mountain,  and  in  one  stratum 
«ome  fossil  leaves  were  found.     The  only  identifiable  species 
collected  has  been  determined  by  Mr.  F.  H.  Knowlton  as 
Magnolia  tenuinervis  Lx.     The  specimen  first  described  by 
Lesquereox  came  from  the  Denver  beds  of  Table  Mountain. 
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Since  then  the  species  has  been  repeatedly  collected  from  the 
same  beds  and  has  also  been  detected  at  Black  Bntte,  Wyom- 
ing. 

That  portion  of  the  Ilayden  map  representing  the  area  to 
the  westward  from  the  Animas  River  is  based  upon  the  work 
of  Mr.  W.  H.  Hohnes.  In  describing  the  series  called  the 
Laramie,  to  which  the  strata  observed  by  Mr.  Stanton  evi- 
dently belong,  Mr.  Hohnes  usually  refers  to  them  as  composed 
of  brown  sandstones,  shales,  and  dark  colored  clays.  In  the 
section  on  the  La  Plata  River*  he  assigns  a  thickness  of  80<) 
feet  to  the  "  Pnerco  marls "  of  Pifion  mesa  which  overlie 
them,  and  1120  feet  to  the  coal-measure  rocks  below,  which 
are  called  Fox  Hills.  Through  the  kindness  of  Mr.  Hohnes  I 
have  been  allowed  to  examine  his  original  field  notes  in  this 
area,  and  find  that  the  general  resemblance  of  these  ''Lara- 
mie" strata  to  those  at  Table  Mountain  near  Golden  was 
recorded.  There  is,  however,  no  definite  evidence  in  these 
notes  to  confirm  the  generalization  suggested  by  Mr.  Stanton's 
observations  that  the  strata  between  the  ''  Puerco  marls"  and 
the  coal-measures,  west  of  the  Animas  River,  are  equivalents 
of  the  Denver  beds,  although  the  strata  noted  by  him  cer- 
tainly occur  in  that  part  of  the  section. 

In  an  article  entitled :  "  The  relations  of  the  Puerco  and 
Laramie  deposits  "f  Professor  E.  D.  Cope  states  that  ac- 
cording to  the  observations  of  Mr.  David  Baldwin  *'the 
Laramie  beds  succeed  [the  Puerco]  downward,  conformably 
it  is  thought  by  Mr.  Baldwin ;  and  have  a  thickness  of  2,0<W 
feet  at  Animas  City,  New  Mexico.  [i\  They  rest  on  Fox  Hills 
marine  Cretaceous  of  less  thickness.  A  few  fossils  sent  from 
time  to  time  by  Mr  Baldwin  identify  the  Laramie.  This  is 
especially  done  by  the  teeth  of  the  dinosaurian  genus  Dyif- 
(janns  Cope,  which  is  restricted  to  the  Laramie  formation 
everywhere.  Also  by  the  presence  of  the  genera  Lwlxxps  and 
DicloniuSy  which  in  like  manner  do  not  extend  upward  into 
the  Puerco  beds.  The  Lce/aps  is  principally  represented  bv 
teeth,  which  resemble  those  of  the  Z.  incraMatiis  Cope,  more 
than  those  of  any  other  species  .  .  .  ."  "The  J)f/s(/(f7(V^ 
agrees  with  the  J),  eueansiu^  Cope,  w^hich,  with  the  LieUip 
Incrasmtus^  was  described  from  specimens  from  the  Uppr 
Missouri." 

In  recent  ''Notes  on  the  Dinosauria  of  the  Laramie "i 
Professor  Cope  describes  a  new  Dinosaur,  PUropelyx  **  found 
near  Cow  Island,  Montana,  on  the  Upper  Missouri,  in  1S76" 
''  The   genus    Pterojycbjx    dis])lays    characters    between   the 

♦  Ninth  Ann.  Rop.  U.  S.  O.  &  (J.  S.  1875.  p.  248. 
\  Amencau  Naturalist,  vol  xix.  p.  98,'),  1885. 
\  American  Naturalist,  vol.  xxiii,  p.  904,  1889. 
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• 
Hadrosaiiridte  and  AgathanmidaB "  (=•  Ceratopsidse,  Marsh). 
He  then  remarks  that  it  is  to  be  compared  with  Dysganus, 
Sow  the  original  descriptions  of  the  genera  Dysganns  and 
Diclonitis  and  of  the  species  Loelaps  incrassatus  are  in  an 
article  entitled :  "  Descriptions  of  some  vertebrate  remains 
from  the  Fort  Union  beds  of  Montana,"*  without  any  further 
statement  in  the  text  as  to  the  geographical  or  geological  posi- 
tion of  the  occurrence.  The  new  dinosanrian  genus  Monoclo- 
hius  was  also  described  in  this  article.  Monoclonius  is  now 
regarded  as  belonging  to  the  horned  Dinosaurs,  and  four  species 
have  been  named  by  Professor  Cope,t  from  Montana.  One  of 
these,  M.  sphenocer^is^  came  from  near  Cow  Island,  on  the 
Missouri,  wliile  another,  M,  recu7'viconiis^  came  from  the 
•'Judith  River  beds"  on  the  north  side  of  the  Missouri  River 
nearly  opposite  the  mouth  of  Dog  Creek.  This  last  informa- 
tion is  found  in  Professor  Cope's  report  of  the  expedition 
during  which  all  of  these  Dinosaurs  appear  to  have  been  col- 
lected.:{: 

Fronn  the  casual  statements  of  localities  and  horizons  above 
recapitulated  it  appears  that  somewhere  in  the  2000  feet  of 
strata   assi^ed   by   Professor   Cope   to   the  Laramie   on   the 
Animas  River  several  species  of  Dinosaurs  have  been  found, 
and  that  thev  most  resemble  a  fauna  collected  in  "  Fort  Union  " 
beds  near  Cow  Island,  on  the  Upper  Missouri  River,  in  Mon- 
tana, a  locality  which  has  furnislied  at  least  one  species  of  the 
Ceratopsidae.     It  is  w^orthy  of  note  that  the  so-called  '*  Lara- 
mie" section  below  the  Puerco  on  the  Animas  River  contains 
strata  resembling  the  Denver  beds,  and  also  Dinosaurian  re- 
mains of  types  resembling,  or  associated  in  Montana  with,  the 
Ceratopsidae.     Whether  the  Dinosaurs  occur  in  the  Denver- 
like beds  remains  to  be  proven.     It  is  certainly  of  importance 
to  discover  the  character   of   the  vertebrate  fauna  in    beds 
thon^ht  to  occur  conformably  below  the  Puerco. 

Middle  Park. — The  Hayden  atlas  of  Colorado  represents  a 
large  continuous  area  of  Laramie  beds  in  Middle  and  North 
Parks,  a  representation  based  very  largely  upon  the  work  of 
the  late  A.  R.  Marvine,  during  the  seasons  of  1873  and  1874. 
In  the  annual  report  for  the  former  year  Marvine  describes  in 
considerable  detail  the  region  of  Middle  Park,  but  this  able 
and  lamented  geologist  died  before  the  notes  of  the  next  sea- 
son's work  could  be  put  in  shape  for  publication,  and  the  data 
he  then  collected  are  practically  loi-t  to  science.  No  publica 
tion  of  importance  concerning  the  supposed  Laramie  beds  of 
Middle  Park  has  appeared  since  Marvine's  report. 

*Proc.  Acad.  Nat.  Sci.  Phil.,  vol.  xxviii,  p.  248,  1876. 

+  "The  Horned  Dinosauria  of  the  Laramie,"  Am.  Naturalist,  vol.  xxiii,  p.  715. 
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In  his  report  on  Middle  Park  Marvine  describes  very  clearly 
the  excellent  section  of  the  Cretaceous  formations  exposed  in 
a  synclinal  basin  cut  across  by  the  Grand  River  for  eight 
miles  above  Hot  Sulphur  Springs.  He  also  gives  detailed 
maps,  and  sketches  from  the  master  hand  of  W.  H.  Holmes. 
He  well  understood  the  importance  of  the  locality  from  the 
standpoint  afforded  by  his  interpretation  of  the  stratigraphy, 
and  rince  1873  the  "Laramie  "  of  Middle  Park  has  been  cited 
as  probably  the  only  decided  instance  of  great  unconformity 
between  this  formation  and  the  lower  Cretaceous  horizons. 

To  summarize  Marvine's  description  of  the  Grand  River 
section,  he  found  the  Cretaceous,  from  the  Dakota  to  the  Fox 
Hills,  inclusive,  exposed  on  both  sides  of  the  syncline  men- 
tioned. Then  comes  a  formation  occupying  the  center  of  the 
shallow  syncline,  which  is  described  as  follows  :*  "  Above  the 
Cretaceous  No.  5,  the  next  youngest  rock  is  a  local  occurrence 
of  volcanic  doleritic  material,  consisting  partially  of  subaque- 
ous-arranged material — dolerite,  tuff,  and  breccia — and  partially 
as  accompanying  lava-flows ;  in  all,  reaching  a  maximum  thick- 
ness of  800  or  900  feet."  This  formation  is  thereafter  usually 
designated  as  "  Doleritic  breccia."  "  Resting  upon  the  latter 
rthe  breccia]  when  it  occurs,  but  elsewhere  upon  Cretaceous 
No.  5,  and  apparently  conformable  with  the  latter,  except  at 
one  point  where  there  is  a  decided  unconformability,  is  a  series 
of  beds  which  reach  a  thickness  of  about  5500  feet."  .... 
"  They  are  composed  in  part  of  sandy  shales,  in  places  more 
or  less  argillaceous  and  quite  soft,  spaced  rather  regularly  with 
more  prominent  and  characteristic  horizons  of  coarse  sand- 
stones, which  are  often  inclined  to  grits  and  fine  confi:lomerate6. 
The  texture  of  the  latter  is  usually  open  and  not  firmly  com- 
pacted, while  the  material  of  whicli  they  are  composed  is 
characteristically  the  debris  of  the  Archaean  rocks  of  the  moDn- 
tains,  granitic  debris  prev^ailing."  .  .  .  *' Impressions  of  decid- 
uous leaves  are  quite  numerous  at  favorable  localities  and  small 
isolated  patches,  and  one  or  two  thin  seams  of  carbonaceous 
material  were  also  observed.  No  other  fossils  were  observed 
in  tliese  beds.  It  has  been  strongly  affected  by  the  last  great 
folding  accompanying  the  formation  of  the  Rocky  Mountains, 
portions  of  it  being  abruptly  upturned,  together  with  the 
underlying  sedimentary  rocks.  In  position  and  character, 
therefore,  this  group  of  beds  appears  to  be  the  equivalent  of 
the  lignitic  group  east  of  the  mountains." 

To  the  westward  of  this  syncline,  in  which  the  formations 
are  apparently  conformable,  Marvine  found  that  the  "  lignitic 
beds  "  above  the  "  breccia  "  in  fact  overlap  the  latter  and  rest 
successively  on  the  inclined  strata  of  the  entire  Cretaceous 

♦Seventh  Ann.  Rep.  U.  S.  G.  and  G.  S.,  pp.  156,  157.     1874. 
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ectioT),  the  Jura,  and  the  Arehsean.  This  was  clear  in  the 
lorizontal  position  of  the  "  lignitic  "  strata  of  Mt.  Bross  which 
est  npon  upturned  Dakota  and  Ft.  Benton  strata,  and  of  the 
idge  sonth  of  Hot  Sulphur  Springs.  The  relationships  are 
!xpre8sed  in  the  Hayden  atlas  and  in  the  large  scale  maps 
ecompanying  Marvine's  report,  to  which  the  reader  must  be 
«ferred  for  details.  The  ''  thin  seams  of  carbonaceous 
oaterial  "  mentioned  by  Marvine  became  coal  beds  in  subse- 
[uent  writings  of  other  geologists,  and  the  fossil  plants  said 
o  have  been  collected  here  were  identified  by  the  paleobotan- 
sts  as  "  Laramie,"  excepting  a  few  which  are  described  by 
l,esquereux  without  explanatory  comment  as  coming  from  the 
jreen  River  Eocene.  The  plainly  provisional  correlation  of 
hese  beds  with  the  coal-measure  horizon  east  of  the  moun- 
ains  by  Marvine  has  not  been  questioned  until  recently. 

It  is  evident  to  any  one  intimately  acquainted  with  the  Lar- 
imie  proper  that  the  description  and  statements  of  Marvine 
lo  not  establish  a  satisfactory  correlation  between  the  Middle 
Park  "  lignitic  "  beds  and   the  Laramie.     In  the  light  of  the 
nvestigations  of  the  Denver  region  the  unconformity  noted 
[)y  Marvine  and  the  thick  beds  of  eruptive  material  at  the  base 
^f  the  series  suggested  a  different  correlation.     In  the  summer 
3f  1889  Mr.  George  L.   Cannon,  Jr.,  of  Denver,  a  geologist 
well  acquainted  witn  the  local  formations,  was  sent  into  Mid- 
dle ParK  by  Mr.  Emmons  to  examine  the  so-called  "  lignitic 
formation  "  of  Marvine.     On  the  basis  of  Mr.  Cannon's  work 
it  has  already  been  stated  by  Mr.  Emmons  that  the  Middle 
Park  series  does  not  correspond  with  the  true  Laramie.*     In 
October,  1891,  the  writer  visited  Middle  Park,  extending  the 
observations  of  Mr.  Cannon  and  determining  still  further  the 
relationships  of  the  formation  in  question.     A  paper  giving 
the  r^ults  of  these  examinations  is  in  process  of  preparation, 
bnt  the  main  features  may  be  here  summarized. 

The  statements  of  Marvine  as  to  the  unconformity  existing 
between  the  "  lignitic  "  beds  and  the  Cretaceous  section  are 
very  clearly  correct.  There  are  faults  not  noticed  by  him 
which  complicate  the  local  geology  very  much  but  they  cannot 
explain  the  transgression  of  the  newer  beds  across  the  entire 
Cretaceous  section  and  to  the  Arch^an.  The  unconformity  is 
also  shown  by  an  examination  of  the  Cretaceous  horizon  upon 
which  the  "  doleritic  breccia "  rests  in  the  section  of  the 
'*  breccia  spoon,"  the  syncline  above  mentioned.  It  is  evident 
that  no  strata  corresponding  to  the  Laramie  proper  now  exist 
in  this  section.  Marvine  refers  the  strata  below  the  "  breccia  " 
\.Q  the  Fox  Hills,  but  gives  no  special  reason  for  the  assign- 

•  Orographic  Movements  in  the  Rocky  Mountains.    Bull.  G.  S.  A.,  vol.  i,  p. 
m,  1890. 
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ment  aside  from  the  general  stratigraphical  position.  Mr. 
Cannon,  however,  collected  a  number  of  fossil  snells  from  the 
shales  below  the  breccia  about  one  mile  east  of  Hot  Sulphur 
Springs,  and  on  the  south  side  of  Grand  river,  that  is,  on  the 
western  flank  of  the  "  breccia  spoon.'*  These  shells  were  sab- 
mitted  to  Dr.  C.  A.  White  for  determination.  The  following 
species  were  found  at  16  feet  below  the  "  breccia : "  Pteria 
parkeiisis  White,  Scaphites  iiodosus  Owen,  sp.,  Ostrea  trans- 
lucida  M.  &  H.,  Leda  {Yoldia)  scittda  M.  &  H.,  Tnoceramm 
C07ivexus  M.  &  H.,  /  sagensis  ()wen,  Bacxdiies  ovatus  Say,  B. 
compressus  Sslj  ?,  Placenticeras  placenta^  De  Kay,  sp.,  and 
Dr.  W^hite  is  of  the  opinion  that  they  indicate  the  lower  or 
Ft.  Pierre  division  of  the  Montana  rather  than  the  Fox  Hilk 

Marvine's  description  of  the  mechanical  constitution  of  the 
"  lignitic  "  series  is  generally  applicable  to  the  part  above  the 
"  doleritic  breccia,"  but  as  regards  the  character  of  the  mate- 
rials composing  both  parts  of  the  series  some  important  cor- 
rections are  to  be  made.  In  the  first  place  the  "  doleritic 
breccia"  was  unfortunately  named,  for  tlie  rocks  composing 
the  complex  are  andesites  as  far  as  examined,  and  the  entire 
mass  seems  to  be  a  water-arranged  deposit  containing  finely 
preserved  leaves  in  some  of  the  most  massive  parts.  The  beds 
are  very  irregular  in  thickness,  and  are  decidedly  thicker  on 
the  eastern  border  of  the  area  than  on  the  western. 

As  to  the  great  series  succeeding  the  dark  massive  beds,  Mar- 
vine  was  in  error  in  stating  that  they  consist  entirely  of 
Archaean  debris,  for  they  contain  andesitic  material  in  verr 
variable  amount  for  more  than  2000  feet  above  the  dark  brec- 
cia, and  the  whole  series  is  evidently  one.  The  character  of 
the  eruptive  material  changes  somewhat  upward  in  the  series, 
lighter  colored  and  more  acid  rocks  prevailing.  Many  beds  in 
the  terraces  north  of  Grand  river  are  sandstones  or  grits  con- 
sisting of  quartz  and  feldspar  to  a  strongly  prominent  degree 
but  none  are  entirely  free  from  andesitic  fragments,  and  con- 
glomerates composed  very  largely  of  eruptive  material  often 
succeed  qnartzose  sandstones.  The  strata  in  the  divide  b^ 
tween  Middle  and  Korth.  Parks  belong  to  the  same  series, 
according  to  Marvine.  These  were  not  visited  by  the  writer, 
but  the  beds  shown  in  the  high  rid^res  some  eight  miles  north 
of  Grand  river,  east  of  Whiteface  Mountain,  still  carry  a  large 
amount  of  pinkish  andesitic  material.  The  same  eruptive 
constituents  were  found  in  the  strata  of  Mt.  Bross,  and  of  the 
ridges  south  of  Hot  Sulphur  Springs  ;  in  fact,  no  beds  of  this 
complex  were  found  to  be  wholly  free  from  materials  of  this 
character. 

No  animal  remains  are  reported  from  the  series  by  Marvine, 
nor  were  any  found  by  either  Mr.   Cannon  or  the   present 
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*.  Fossil  plants  are  qaite  nnmerous  in  all  parts  of  the 
Of  those  collected  by  the  members  of  the  Hayden 
f  a  lar^  majority  came  from  Mt.  Bross,  and  a  few  from 
t  localities  on  Willow  and  Troublesome  Creeks,  from 
referred  to  the  same  general  horizon  by  Marvine.  This 
tal  has  been  described  oy  Lesquereux*  but  there  has  been 
L  serions  confusion  of  localities  in  also  assigning  a  num- 
■  other  fossil  plants  to  Middle  Park,  that  little  use  can  at 
it  be  made  of  these  identifications.  Collections  of  fossil 
.  made  by  Mr.  Cannon  and  the  writer  in  various  horizons 
3  series  have  been  provisionally  identified  by  L.  F.  Ward 
'.  H.  Knowlton.  From  these  data  it  can  be  said  that  out 
out  36  well  defined  species  more  than  20  are  known  in 
enver  beds  of  Table  Mountain,  at  Golden,  a  closer  cor- 
adence  of  floras  than  is  shown  with  any  other  horizon, 
the  investigation  of  the  Laramie  flora  now  in  progress 
Jen  completed  it  is  useless  to  enter  into  more  definite 
irisons. 

3  so-called  Laramie  beds  of  Middle  Park  seem  from  the 
)ing  facts  to  be  the  equivalent  of  the  Denver  beds.  No 
corresponding  to  either  the  Arapahoe  or  Laramie  proper 
lown  in  Middle  Park,  and  the  invertebrates  collected  by 
!annon  indicate  that  the  upper  part  of  the  Montana  is 
ranting  in  the  vicinity  of  Hot  Sulphur  Springs.  Present 
nation  gives  little  ground  for  an  estimate  of  the  extent 
ich  the  missing  formations  were  once  developed  in  this 
1. 

Age  of  the  Lake-hed  Deposits, 

B  facts  of  stratigraphy  and  lithology  which  have  been 
d  show  that  in  Colorado  the  great  conformable  series  of 
ceous  formations  ended  with  the  coal-bearing  Laramie 
.  Deposition  plainly  ceased  in  this  area  because  conti- 
1  elevation,  which  had  long  been  in  progress,  finally 
i  the  retreat  of  the  Laramie  seas.  The  magnitude  of 
levation,  the  time  interval  involved,  and  the  question  as 
e  identity  of  this  particular  movement  with  the  great 
ment  generally  supposed  to  mark  the  ending  of  Mesozoic 
in  the  Rocky  Mountain  area,  are  clearly  problems  of 
importance.  Confining  discussion  at  present  to  the  in- 
table  evidence  of  the  deposits  described,  it  is  clear  that 
sedimentation  began  again  in  the  region  concerned  it 
in  comparatively  small  seas  or  lakes.  In  the  pebbles  of 
irapahoe,  Cation  City,  and  Ohio  Creek  beds,  is  found 
E  that  adjacent  landmasses  consisted  in  part  of  upturned 
Qentary  rocks,  and  in  the  first  named  is  the  record  of  the 

*MoDOgraphs  of  the  Hayden  Survey,  vol.  vi,  Tertiary  Flora. 
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slow  erosion  of  14,000  feet  of  strata,  from  the  Laramie  down 
to  the  "  Red  beds  "  of  the  Trias.* 

Succeeding  the  first  period  of  lake-beds  came  a  time  of 
great  volcanic  outbursts  over  a  very  large  area.  The  lenpjth 
of  geologic  time  occupied  may  not  nave  been  very  great,  but 
the  extent  of  country  in  which  eruptions  occurred  at  this  time, 
and  the  great  variety  of  lavas  found  in  the  Denver  and  Middle 
Park  beds,  argue  for  the  decided  importance  of  the  event  as  a 
dynamic  manifestation.  The  position  of  the  Middle  Park 
beds  on  the  edges  of  the  Cretaceous  section  below  the  Ft 
Pierre,  proves  a  period  of  erosion  there  which  was  no  doubt 
contemporary  witn  the  Arapahoe  epoch  though  its  record  ia 
not  known  in  deposits.  Marvine  assigns  a  thickness  of  over 
6000  feet  to  the  Middle  Park  beds  (including  the  "breccia"), 
characterized  through  the  lower  half  at  least  by  volcanic  ma- 
terial,— striking  testimony  to  the  extent  of  the  eruptions  and 
the  duration  of  the  period  of  deposition,  which  must  have 
been  one  of  subsidence,  approximately  equalling  the  thicknesi 
of  beds  deposited. 

The  question  as  to  the  age  of  the  formations  under  discis- 
sion is  the  question  as  to  the  length  and  importance  of  the 
periods  in  which  the  events  clearly  recorded  in  their  sediments 
took  place.  From  the  standpoint  of  structural  and  physical 
geology  an  adequate  chronology  will  distinguish  or  separate 
this  period  from  that  of  the  coal-bearing  Laramie ;  but  accord- 
ing to  the  principles  of  geology  the  measure  of  the  geolc^c 
time  involved  is  to  be  sought  in  the  fossils, — in  a  comparison 
of  the  life  of  the  two  periods  which  are  to  be  distinguished. 
But  at  the  very  outset  of  such  an  attempt  it  becomes  evident 
that  a  very  large  number  of  fossils  said  to  occur  "  in  the  Lara- 
mie" are  not  at  present  available  for  such  a  purpose.  This 
difficulty  arises  chiefly  from  the  fact  that  the  stratigraphical 
position  of  the  beds  of  many  localities  where  "  Laramie" 
fossils  have  been  found  has  not  been  at  all  clearly  determined. 

In  their  recent  discussions  of  orographic  movements  Messre. 
Emmons  and  Hills  have  treated  the  post- Laramie  disturbance 
as  that  closing  Cretaceous  time.  The  former  says  :  *'  With  the 
exception  of  the   great  unconformity  between    the   Archaean 

*  The  lithological  evidenco  upon  which  the  distinction  of  the  local  formationi 
above  mentioned  has  been  largely  made  will  probably  make  little  impression 
upon  some  readers.  It  is  a  striking  fact  in  many  observations  of  the  past  and  of 
the  present  in  the  western  region,  that  the  material  constitution  of  coarse  grained 
sandstones  and  conglomerates  lias  been  and  is  now  practically  ignored.  But  if  a 
conglomerate  in  the  apparently  conformable  Cretaceous  section  contnins  pebbles 
of  Niobrara  limestones,  of  the  extremely  characteristic  Dakota  conglomerate,  of 
red  Jurassic  or  Triassic  sandstone,  or  of  Carboniferous  chert,  a  definite  unconfor- 
mity of  great  magnitude  is  made  known  which  does  not  require  proof  in  visible 
angular  unconformity  or  in  the  fossils,  though  the  latter  undoubtedly  will  confirm 
it  when  they  are  known  in  sufficient  detail. 
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and  all  overlying  sediments,  ...  no  movement  has  left  snch 
definite  evidence  as  that  which  followed  the  deposition  of  the 
coal-bearing  rocks,  to  which  the  name  Laramie  nas  by  univer- 
sal consent  been  applied."*  And  while  Mr.  Hills  thinks  that 
some  of  the  effects  hitherto  ascribed  to  the  post-Laramie 
movement  belong  to  that  following  the  Bridger  Eocene,  his 
conclusion  in  regard  to  the  Arapahoe,  Denver  and  equivalent 
beds,  is  as  follows :  "  From  all  the  evidence  available  it  appears 
that  stratigraphically  these  beds  are  not  Laramie,  since  to  refer 
them  to  the  Cretaceous  would  bring  us  face  to  face  with  the 
necessity  of  conceding  an  earlier  date  than  post-Cretaceous  to 
the  Rocky  Mountain  revolution.  Nor  are  they,  paleontologi- 
cally,  a  part  of  the  recognized  Eocene.  Whence  we  must  con- 
clude that  they  are  not  assignable  to  either  of  these  terranes^ 
but  should  be  regarded  as  transition  beds  deposited  subsequent 
to  the  beginning  of  the  post-Cretaceons  movement,  or  probably 
during  its  progress  and  hence  of  post-Laramie  age."t 

The  Denver  beds  contain  a  very  large  and  well  preserved 
fossil  flora.     So  do  the  coal-measures  of  the  Laramie  in  the 
same  field,  and  more  than  160  species  have  been  described 
from   this  district    by  Lesquerenx.:|:      It  has  already    been 
8hown§  in  describing  the  Denver  beds  that  from  the  statements 
of  this  author  only  a  very  small  percentage  of  the  described 
species  can  be  definitely  assignea  to  one  of  the  two  plant- 
bearing  horizons,  nor  is  the  desired  information  to  be  found  on 
the  labels  or  in  the  catalogue  of  the  National  Museum  where 
the  original  specimens  are  now  deposited.     Examination  has 
also  shown  a  lamentable  inaccuracy  in  designation  of  localities 
for  the  fossil  plants  of  various  other  localities  assigned  to  the 
Laramie.     This  is  true  especially  of  the  plants  from  the  Mid- 
dle Park  beds,  as  has  been  mentioned.     The  existing  confusion 
is  80  great  that  no  credible  table  can  how  be  constructed  from 
published  data  to  show,  excepting  in   a  most  general    way, 
whether  there  is  or  is  not  a  noteworthy  difference  between  the 
known  flora  of  the  Denver  and  Middle  Park  beds^and  that  of 
the  Laramie  proper.     But  on  the  basis  of  new  and  extensive 
collections  from  known  horizons  a  thorough  revision  of  this 
ix>rtion  of  the  Laramie  flora  is  now  in  progress  in  the  paleo- 
botanical  department  of  the  Geological  Survey.      Until  the 
results  of  this  revision  can  be  made  public  a  discussion  of  the 

•Orographic  movements  in  the  Rocky  Mountains,  BuU.  G.  S.  A.,  I,  p  285,  1890. 

\  Orographic  and  structural  features  o(  Rocky  Mountain  geology,  Proc.  Colo. 
Sci.Soc,  vol.  iii,  Part  III,  p.  H97. 

t Monographs  of  the  Hayden  Survey:    vol.  vii.   "The  Tertiary  Flora;"    vol. 
^ii,  "The  Crctaceous  and  Tertiary  Floras  ;"   also,  Bull.  Mus.  Comp.  Zool ,  Ilar- 
nrd  College,  vol  xvi,  No.  3,  1888. 
8Thl8  Journal,  vol.  mvii,  p.  272,  1889. 

Am.  Jour.  Soi,— Tbihd  Sirieb,  Vol.  XLIV,  No.  259.— July,  1892. 
3 


34         W.  Ci'ons — Post' Laramie  Deposits  of  Colorado. 

bearing  of  fossil  plants  in  determining  the  age  of  the  Denver 
and  alfied  deposits  is  useless. 

The  few  invertebrate  fossils  found  in  the  Denver  beds  are, 
according  to  Dr.  C.  A.  White,*  of  no  special  value  in  the 
present  case.  Viviparus  trochiforinis  and  Gonioba^  tenui- 
carinata  are  the  only  specifically  identifiable  forms  as  yet 
known,  while  imperfect  forms  referable  to  Corhicula^  Physa^ 
and  Unio  accompany  them. 

The  vertebrate  fauna  known  from  the  Denver  and  Arapa- 
hoe beds  is  small,  but  its  character  is  such  as  to  raise  some  very 
broad  questions  for  settlement  before  its  value  for  purposes  of 
detailed  correlation  can  be  determined.  At  the  time  the  Den- 
ver and  Arapahoe  formations  were  described  a  considerable 
number  of  fossil  bones  had  been  found,  and  since  that  time 
additional  material  has  been  obtained  by  Mr.  G.  L.  Cannon,  Jr. 
All  the  material  collected  has  been  examined  by  Professor  0. 
C.  Marsh,  who  identifies  fragments  of  turtles,  crocodiles,  and 
dinosaurs.f  Only  the  latter  are  of  especially  recognized  im- 
portance in  this  case.  They  belong  for  the  most  part  to  the 
remarkable  new  family,  the  Ceratopsidoe,  of  which  so  many 
wonderful  forms  have  been  described  within  the  last  three 
years,  and  it  is  necessary  at  this  point  to  pass  in  review  certain 
phases  of  the  discoveries  made  by  Professor  Marsh,  and  the 
facts  stated  in  the  publications  concerning  them. 

In  a  series  of  articles  in  the  American  Journal  of  Science 
beginning  December,  1888,  Prof.  Marsh  has  described  a  won- 
derful new  fauna  said  to  occur  in  the  Laramie  of  Montana, 
Wyoming  and  Colorado,  the  two  most  important  elements  of 
which  are  a  group  of  horned  Dinosaurs  forming  a  new  sob- 
order,  the  Ceratopsia,  and  a  large  number  of  small  mammals. 
The  new  Dinosaurs  are  closely  related  to  Stegosaurus  in  many 
features  of  the  skeleton,  b*ut  the  skull  and  dermal  armor  have 
become  strangely  modified  and  possess  marked  characteristics 
"  not  before^ seen  in  the  Dinosauria."  With  the  exception  of 
a  few  isolated  bones  and  teeth  mentioned  by  Cope  the  mam- 
malian fauna  associated  with  these  Dinosaurs  is  the  first  to  be 
discovered  in  the  American  Cretaceous,  and  is  closely  allied  to 
that  known  in  the  Jura,  and  widely  different  from  that  charac- 
terizing the  Wasatch  Eocene.:}: 

*  Cited  in  article  describing  the  Denver  Formation,  this  Journal,  vol.  xixvil  p. 
275. 

f  The  fossil  from  the  Denver  beds  originally  described  by  Professor  Marsh  as 
Bison  alticornis  is  now  regarded  by  him  as  belonging  to  Ceratops  (this  Journal, 
xxxviii,  174,  1889). 

I  The  writer  wishes  to  acknowledge  the  courtesy  and  kindness  of  Professor 
Marsli  in  showing  him  a-  large  number  of  tlie  remarkable  and  important  forms 
which  liave  been  found  in  the  Ceratops  beds,  and  in  explaining  the  great  prob- 
lems they  present  to  the  evolutionist,  together  with  their  apparent  bearing  upon 
questions  of  historical  geology. 
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attempting  to  correlate  the  new  formations  of  the  Denver 
by  means  of  their  vertebrate  fossils  it  is  necessary  to 
1  the  horizon  or  horizons  which  have  furnished  the  large 
fauna  recently  described.  A  review  of  the  papers  pubh'shed 
rof.  Marsh  shows,  however,  that  except  for  fossils  which 
t  from  the  Denver  region  no  detailed  evidence  is  given  as 
e  stratigraphical  or  geographical  position  of  beds  contain- 
ny  of  tne  fossils  described.  There  are  only  the  general 
ments  that  they  *'  come  from  the  typical  Laramie  of 
ming"  or  "  of  Montana."  All  localities  are  correlated  as 
iging  to  one  general  horizon,  ''  the  Ceratops  beds,"  and 
assertion  is  made  that :  "  This  horizon  is  as  strongly 
ed  as  that  of  the  Atlantosaurus  beds,  and  has  now  been 
d  for  nearly  eight  hundred  miles  along  the  eastern  base  of 
locky  Mountains."  And  as  to  stratigraphical  relation  to 
r  beds,  "Toward  the  north,  it  is  underlaid  by  marine 
Lceons  strata  containing  Fox  Hill  fossils,  but  farther  south, 
us  older  formations  are  found  immediately  beneath  it."  * 
rtainly  seems  natural  and  it  may  almost  be  said  probable 
mch  a  new  and  specialized  group  of  animals  should  char- 
ize  a  well  marked  geological  horizon.  But  as  far  as  the 
1  position  of  the  Ceratops  beds  has  been  described, 
ly,  in  the  Denver  region,  they  are  separated  from  the 
al  Laramie  by  a  great  unconformity,  and  it  remains  to  be 
mstrated  that  the  new  forms  occur  at  all  in  the  Laramie 
jr.  It  is  believed  to  be  a  fact  that  in  all  the  great  Lara- 
formation  of  Colorado,  where  it  has  been  studied  more 
nghly  and  connectedly  than  anywhere  else,  no  represent- 
j  of  the  CeratopsidflB  have  been  found  ;  and  that  the  same 
e  of  the  adjacent  connected  deposits  in  New  Mexico  and 
None  of  the  species  described  by  Prof.  Marsh  has  been 
i  to  come  from  the  Laramie  coal-measures  of  southern 
ming,  but  it  seems  probable  that  the  historic  Dinosaur 
1  Agathauraas  by  Cope,  the  discovery  of  which  at  Black 
J  in  1872  played  such  an  important  part  in  deciding  opin- 
j  to  the  Cretaceous  age  of  the  Laramie,  may  prove  to  be 
nportance  in  the  present  discussion  also.  It  is  now 
rht  by  both  Cope  f  and  Mai^sh  %  that  this  form  is  a  horned 
saur.  If  this  is  true  the  Ceratopsidse  are  represented  to 
rest  of  the  Front  range  in  what  have  been  called  typical 
nie  strata  by  some  authors.  But  it  happens  that  the 
i  Butte  locality  is  one  concerning  which  geologists  have 
red  considerably  in  their  observations  and  opinions.     A 

Qis  Journal,  vol.  xlii,  p.  338.  1891. 

mer.  Naturalist,  xxiii,  p.  715,  1889.  %  This  Journal,  xliii,  p.  83,  1892. 
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succession  of  several  thousand  feet  of  strata  in  this  region  haB 
been  referred  to  the  Laramie,  but  Major  Powell  claims  to  have 
found  an  important  physical  break  below  the  horizon  contain- 
ing the  Agathaumas^  as  he  expressly  states,^  and  if  this  is  tme 
this  Dinosaur  may  actually  occur  here  in  strata  contempora- 
neous in  time  with  the  Arapahoe  beds.  In  any  case  it  remains 
to  be  proven  that  the  **  Ceratops  beds "  of  Marsh,  from  the 
"  eastern  base  of  the  Rocky  Mountains "  are  stratigraphical 
equivalents  of  the  horizon  at  Black  Butte  in  which  the  Aga^- 
aumas  was  found. 

This  brings  us  to  the  questions :  On  what  ground  does 
Prof.  Marsh  assign  the  Ceratops  beds  to  the  Laramie  ?  and, 
What  does  the  Laramie  properly  embrace  ?  The  assignment 
rests,  as  far  as  published  evidence  goes,  on  the  presence  of  a 
new  fauna  of  strong  Mesozoic  alEnities,  in  beds  more  recent 
than  the  Fox  Hills,  and  unknown,  with  the  possible  exception 
noted  above,  in  strata  known  to  occupy  the  stratigraphical  po- 
sition assigned  to  the  Laramie  in  its  original  definition.  The 
general  statement  of* Prof.  Marsh  that  the  Ceratopsidae  he  ha* 
described  "  are  found  in  the  typical  Laramie  of  Wyoming"  is 
misleading  in  this  sense,  that,  to  any  one  acquainted  with  the 
literature  of  the  subject,  "  the  typical  Laramie  of  Wyoming" 
must  always  be  that  formation  in  southwestern  Wyoming  to 
which  Mr.  Clarence  King  first  applied  the  name,  or  its  demon- 
strated equivalent.  And  it  seems  opportune  to  quote  here  the 
definition  of  the  Laramie  given  by  tnat  author.  After  explain- 
ing, that  on  consultation  with  Hayden  and  without  compro- 
mising differences  of  opinion  as  to  the  age  of  the  beds  in 
question,  a  common  name  had  been  adopted,  he  says  :  "Ac- 
cordingly ...  it  was  amicably  agreed  between  us  [Hayden 
and  King]  that  this  series  should  receive  the  group  name  of 
Laramie,  and  that  it  should  be  held  to  include  that  series  of 
beds  which  conformably  overlies  the  Fox  Hills,"  f  Experi- 
ence since  this  definition  was  set  up  has  shown  that  over  a 
very  large  area  there  is  a  great  and  important  formation  to 
which  that  definition  strictly  applies.  And  evidence  continn- 
ally  accumulates  to  prove  that  this  formation,  which  certainly 
must  be  called  the  Laramie,  was  the  last  of  the  series  of  con- 
formable deposits  belonging  to  the  Cretaceous. 

Returning  to  the  question  as  to  the  evidence  concerning  the 
stratigraphical  position  of  the  "  Ceratops  beds,"  it  is  to  be 
noted  that  in  Montana  and  Wyoming  they  are  said  to  occur  on 
the  eastern  flank  of  the  Rocky  Mountains,  in  a  district  which 

*  Geology  of  the  Uinta  Mountains,  p.  72. 

f  Final  reports  of   tlie  Fortieth   Parallel  Survey,  vol.  I  Systematic  Geology, 
p.  331. 
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bas  not  been  carefully  explored  as  yet  except  for  vertebrate 
fossils.  And  marked  angular  unconformity  at  the  base  of 
these  beds  might  not  be  distinguishable  if  the  shore  line  was 
too  far  removed  from  the  localities  examined.  But  even  the 
general  statement  of  Prof.  Marsh  seems  to  indicate  a  great 
actual  unconformity,  for  he  says,  in  the  sentence  quoted  above, 
that,  in  some  places  not  specified,  "  various  older  formations 
are  found  immediately  beneath  it "  (i.  e.  the  Ceratops  horizon, 
called  '*  the  typical  Laramie").  As  invertebrates  and  plants 
are  stated  to  be  associated  with  the  vertebrate  fauna  it  seems 
quite  necessary  that  their  testimony,  as  well  as  all  available 
stratigraphical  and  lithological  details,  should  be  given,  before 
the  beds  in  question  can  be  satisfactorily  correlated. 

The  cited  statement  of  Prof.  Marsh  that  "  the  Ceratops  beds 
have  now  been  traced  nearly  eight  hundred  miles  along  the 
eastern  flanks  of  the  Rocky  Mountains"  implies  the  actual 
connection  of  the  formations  of  the  Denver  field  with  that 
containing  the  new  fauna  in  Wyoming.  But  the  area  of  the 
Denver  beds  is  known  to  be  quite  limited,  and  the  Arapahoe 
beds  on  the  plains  east  of  Denver  are  thin  and  erosion  has 
entirely  removed  them  in  many  places,  exposing  the  under- 
lying Laramie.  It  is,  however,  possible  that  they  thicken  again 
farther  out  on  the  plains,  or  reappear  to  tlie  northward  beyond 
the  Platte  valley.  If  the  investigations  of  Prof.  Marsh  have 
actually  connected  the  Ceratops  beds  of  Wyoming  with  the 
Arapahoe  beds  of  Colorado,  this  fact  is  of  great  importance  as 
fixing  the  stratig]*aphical  position  of  the  Ceratops  horizon  as 
post-Laramie.  If,  however,  the  Ceratops  beds  of  Wyoming  are 
contcrapomry  with  the  true  Laramie,  then  they  do  not  belong 
to  the  same  epoch  as  the  Denver  and  Arapahoe  beds. 

The  above  considerations  show  that  the  vertebrate  fossils  of 
the  Arapahoe  and  Denver  beds  cannot  at  prescmtbe  used  as  an 
argument  either  for  or  against  the  proposed  separation  of 
these  lake-beds  and  their  equivalents  from  the  Laramie,  be- 
cause the  new  fauna  recently  described  has  not  been  identified, 
in  published  statements  at  least,  in  strata  satisfactorily  iden- 
tified with  the  true  Laramie  on  other  ground  than  that  of  the 
new  fossils  themselves.  It  is  clearly  suggested  by  the  known 
evidence  that  the  new  family  of  Dinosaure  may  he  found  to 
be  specially  characteristic  of  the  epoch  to  which  the  lake-beds 
described  belong,  as  distinctive  from  that  of  the  Laramie 
proper;  that  their  remarkable  specialization  may  have  taken 
place  largely  as  a  result  of  the  changed  conditions  following 
the  great  orographic  movement  closing  the  Laramie.  Until 
more  is  known  about  the  distribution  oi  the  Ceratopsidae  and 
their  immediate  ancestors  in  the  Cretaceous  series  of  forma- 
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tions,  they  certainly  cannot  be  used  as  diagnostic  fossils  for 
any  horizon. 

The  facts  of  stratigraphy  and  lithology  demand  that  the  in- 
terval between  the  Laramie  and  the  late-bed  deposits  should 
be  recognized  as  a  very  important  one.  The  known  fossils  do 
not  aid  us  in  determining  the  importance  of  that  interval 
because  their  distribution  with  reference  to  it  is  so  imperfectly 
established.  Such  seems  to  be  the  necessary  verdict  from  the 
examination  of  the  direct  evidence  available  at  present.  Much 
collateral  testimony  might  be  introduced  into  this  discussion, 
from  observations  in  remote  districts,  but  it  seems  undesirable 
and  premature  to  consider  such  evidence  at  this  time.  Some 
of  the  reasons  for  this  conclusion  will  appear  in  the  more 
general  discussion  to  follow. 

Assuming  that  the  lake-beds  described  in  this  article  should 
be  separated  from  the  Laramie,  the  question  as  to  whether  they 
are  Tertiary  or  Cretaceous  is  quite  another  problem.  It  was 
argued  in  the  article  on  the  Denver  beds  that  the  establish- 
ment of  a  profound  orographic  movement  in  the  period  suc- 
ceeding the  Laramie^  followed  by  extensive  and  long-continued 
volcanic  outbursts,  indicated  that  the  deposits  of  the  Arapahoe 
and  Denver  epochs  should  be  assigned  to  the  Eocene.  This 
wns  in  harmony  with  the  ideas  to  be  found  in  all  previous 
speculations  as  to  what  actually  closed  the  Cretaceous  period. 
At  the  time  the  article  in  question  was  written  a  few  bones 
had  been  identiiied  by  Professor  Marsh  as  belonging  to  Dino- 
saurs and  other  vertebrate  forms  of  Mesozoic  types,  but  the 
fact  that  these  animals  had  survived  a  period  of  various 
dynamic  disturbances  of  great  magnitude  seemed  then  to 
indicate  that  they  were  straggling  survivors  into  earliest 
Eocene  time  rather  than  that  the  movement  should  be  placed 
in  the  Cretaceous. 

The  facts  presented  in  this  paper  make  it  plain  that  the  dis- 
cussion of  this  question  involves  now  a  discussion  of  the 
broader  one  as  to  the  character  and  position  of  the  line  to  be 
drawn  between  Mesozoic  and  Cenozoic  deposits  in  the  Kocky 
Mountain  region,  and  as  to  the  criteria  to  be  used.  And  at 
present  there  is  such  a  decided  conflict  between  the  results 
readied  in  applying  different  criteria  that  the  necessity  for 
more  information  on  many  j)oints  is  clear.  In  illustration  of 
this  necessity  a  few  of  the  recently  expressed  opinions  upon 
this  subject  will  he  quoted. 

Professor  Marsh'^*  in  a  recent  publication  on  the  Cretaceous 
mammalia  and  their  associated  vertel)rate  fossils,  occurring 
in  the   Ceratops  beds — ''the   Laramie  of    Wyoming" — says: 

*  This  Journal,  vol.  xliii.  p.  241).  March,  1S92. 
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"These  remains  are  not  transitional  between  Mesozoic  and 
Tertiary  forms,  but  their  affinities  are  with  the  former  beyond 
a  doubt ;  thus  indicating  a  great  faunal  break  between  the  time 
in  the  Cretaceous  when  they  lived  and  the  earliest  known  Ter- 
tiar3%  or  between  the  Ceratops  horizon  and  the  Coryphodon 
beds  of  the  Eocene  Wasatch.  The  lower  division  of  the 
Coryphodon  beds,  or  lower  Wasatch  (Puerco),  is  clearly 
Tertiary,  and  the  great  break  is  between  this  horizon  and  the 
Ceratops  beds  of  the  Laramie."  Concerning  the  abundant 
faunas  of  the  two  horizons,  "the  more  the  two  are  con) pared 
the  stronger  becomes  the  contrast  between  them.  Instead  of 
placing  them  close  together,  as  some  geologists  seem  inclined 
to  do,  it  will  be  more  profitable  in  future  to  search  for  the 
great  series  of  intervening  strata  containing  the  forms  that 
lead  from  one  to  the  other."  "  Bearing  in  mind  all  that  is 
known  to-day  of  the  development  and  succession  of  vertebrate 
life  in  America,  from  the  early  Silurian  on  to  the  present  time, 
it  is  safe  to  say  that  the  faunal  break  as  now  known  between 
the  Laramie  and  the  lower  Wasatch  is  far  more  profound  than 
would  be  the  case  if  the  entire  Jurassic  and  the  Cretaceous 
below  the  Laramie  were  wanting."* 

Professor  E.  D.  Copef  in  his  "Synopsis  of  the  Vertebrate 
Fauna  of  the   Puerco  series"   (1888)  considers  the   Puerco 
fauna  as  widely  distinct  from  that  of  the  Wasatch,  and  points 
out  that  among  106  species  of  vertebrates  known  from   the 
Puerco  not  one  is  found  either  in  the  Wasatch  or  in  the  Lara- 
mie; that  some  important  Mesozoic  types  end  in  the  Puerco; 
that  *'  two  orders  universally  present  in  the  Eocenes,  the  Peris- 
fiodactyla  and  the  Rodentia,  are  wanting  from  the  Puerco"; 
and  that   many   Puerco   forms   are   plainly   the  ancestors  of 
Eocene    types.     Shortly    before    this    publication    Professor 
Cope:|:  had  assigned  the  Puerco  and  Laramie  to  the  ''  Post- 
Cretaceous"  as  expressing  their  relationship  better  than   to 
class  one  with  the  Eocene  and  the  other  with  the  Cretaceous. 
It  is  worthy  of  note  that  the  Puerco  was  assigned   to   the 
Eocene  by  Professor  Cope§  as  recently  as  1883. 
Professor  Marsh  refers  the  Puerco  to  the  lower  Wasatch  = 

*  Since  the  completion  of  this  article  Prof.  Marsh  has  announced  the  presence 
of  Ophidians  and  trae  Laeertilians  with  the  s^ii^antic  dinosaurs  of  the  Ceratops 
bed«^  ''in  the  Laramie  of  Wyoming."  No  serpents  have  hitherto  been  found  in 
America  below  the  Eocene.  (Notice  of  new  reptiles  from  tlio  Laramie  Forma- 
tion.   This  Journal,  vol.  xliii,  p.  449.  Mav.  1892.) 

f  Trans.  Am.  Phil.  Soc.,  vol.  xvi,  pp.  298-:i61. 

JThe  Relations  of  the  Puerco  and  Laramie  Deposits.  Amer.  Naturalist,  vol. 
ii.p.  985,  1885.  The  Mesozoic  and  Caenozoic  Realms  of  the  Interior  of  North 
America.    Ibid,  vol.  xxi,  p.  445.  1887. 

ii  Monographs  of  the  Havden  Survey.  Ill,  Tertiary  Vertebrate,  Book  I,  p.  4, 
1883. 
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Lower  Coryphodon  beds,  but  Professor  Cope  says,  in  1883 : 
*'  Coryphodon  is,  so  far,  unknown,"  and  in  his  last  synopsis  of 
the  Puerco  fauna  (loc.  cit.)  he  does  not  inchide  that  form. 

Regarding  the  first  mammalia  described  by  Prof.  Marsh 
"  from  the  Laramie  "  Prof.  Cope*  has  said  :  "  These  species 
are  of  identical  character  with  the  Puerco  mammals,  althongli 
there  is  no  species  identical  with  any  in  the  Puerco,  where 
there  is  not  a  single  Cretaceous  reptile.  The  mammals  of  the 
Laramie  are,  like  the  saurians,  rather  Cretaceous  than  Tertiary; 
but  the  character  is  not  as  pronounced." 

The  question  as  to  the  relations  of  the  Laramie  to  the 
Eocene  has  recently  been  reviewed  by  Dr.  C.  A.  White  in  the 
Correlation  Essay  on  the  Cretaceous  prepared  for  the  Fifth 
International  Congress  of  Geologists,t  and  with  the  result 
that  the  Laramie  *'  is  held  to  represent  both  the  close  of  the 
Cretaceous  and  the  beginning  of  Tertiary  time,"  with  a  proba- 
bility that  in  certain  known  areas  there  has  been  contmuom 
sedimentation  from  the  coal-bearing  Laramie  through  to  the 
Wasatch  Eocene  or  it  equivalents.  The  molluscan  fauna  ii 
said  to  favor  such  a  conclusion. 

Prof.  J.  S.  Newberry  X  has  recently  expressed  the  decided 
opinion  that  the  diverse  views  of  geologists  concerning  the 
Laramie  have  in  large  part  *'  arisen  from  the  fact  that  many 
writers  on  the  subject  have  combined  two  distinct  formations 
in  the  Laramie  and  have  called  them  one,  when  they  have 
almost  nothing  common,  belong  to  different  geological  systems, 
and  should  never  have  been  united."  He  then  assigns  the 
Fort  Union  beds  of  Montana  to  the  Eocene,  and  the  remainder 
wof  what  has  been  called  Laramie  to  the  Cretaceous,  asserting 
that  the  floras  of  the  two  '*  are  totally  distinct." 

In  discussing  this  paper  Prof.  L.  F.  Ward  claimed  that  the 
Ft.  Union  flora  was  not  absolutely  distinct  from  that  of  the 
Laramie  though  very  different,  and  that  it  might  well  be  con- 
sidered as  Cretaceous. 

Prof.  Marsh  states^;  that  "  the  Ft.  Union  Eocene  beds  on  the 
Upper  Missouri"  rest  immediately  upon  the  "Ceratops  beds.'' 
It  would  be  interesting  to  know  the  flora  of  the  "  Ceratops 
beds"  and  the  vertebrate  fauna  of  the  *' Ft.  Union  beds''  in 
this  region.  Prof.  Cope  has  published  a  "  Description  of  some 
vertebrate  remains  from   the   Ft.  Union  beds  of  Montana,"! 

*B\ill.  (Jeol.  Soc.  of  Am.,  vol.  i,  p.  532  (Hoc.  1800).  In  discussion  of  a  paper 
by  J.  S.  Xewbern',  The  Laramio  Group. 

f  Correlation  Papers.  The  Cretaceous,  Bull.  82,  U.  S.  Geological  Suirej,  1891- 
Comi>are  pp.  262, 

IThe  Laramie  Group,  Bull.  Geol.  Soc.  of  Am.,  vol.  i,  p.  524. 

8  This  Journal,  xlii.  p.  .3X0. 

11  Proc.  Acad,  of  Nat.  Sci.  of  Phila.,  vol.  xxviii,  p.  248,  1876. 
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)iit  without  any  gtatement  of  locality  or  stratigraphical  data, 
o  that  his  paper  stands  rather  as  an  illustration  of  the  common 
nanner  in  which  uncertainty  and  confusion  have  been  intro- 
Inced  into  the  literature  of  the  Laramie,  rather  than  as  evi- 
lence  that  Dinosaurs  occur  in  beds  containing  the  Ft.  Union 
lora. 

From  these  recent  expressions  of  opinion  concerning  the 
Laramie  in  its  comprehensive  sense  and  of  the  period  of  time 
between  the  marine  Cretaceous  and  the  Puerco  or  lower 
Eocene,  it  is  clear  that  paleontologists  have  sought  to  correlate 
:he  formation  and  characterize  the  period  from  the  evidence 
)f  the  flora  or  of  a  particular  fauna.  In  some  cases  at  least 
:he  opinion  has  been  rendered  upon  biological  grounds  alone, 
md  has  been  announced  with  great  confidence,  often  with  but 
•Jbe  slightest  reference  to  the  results  reached  UDon  other  pale- 
)ntological  evidence  or  to  contrary  opinions  from  the  same 
evidence,  with  little  regard  for  known  facts  of  stratigraphy, 
ind  still  less  for  the  very  important  fact  of  utter  ignorance 
concerning  the  actual  relationships  of  some  of  the  places,  hori- 
Eons,  and  faunas  or  floras  dogmatically  correlated.  This  vari- 
ince  of  opinion  is  a  natural  result  of  the  methods  used,  yet  no 
3ne  will  aissent  from  the  proposition  that  a  correct  knowledge 
of  the  history  of  this  interesting  period  cannot  be  reached 
until  all  classes  of  evidence  are  carefully  compared  on  a  basis 
of  unbiased  and  accurate  observations  in  all  directions. 

The  facts  brought  together  in  this  paper  point  to  one  impor- 
tant epoch  in  the  period  under  discussion  which  has  not  been 
duly  recognized,  to  say  the  least.     Its  broad  intrinsic  impor- 
tance has  yet  to  be  determined,  and   the  writer  wishes  to  dis- 
tinctly express  his  appreciation  of  the  fact  that  that  importance 
must  ultimately  be  measured  in  great  degree  through  tne  effect 
exercised  by  the  conditions  of  that  epoch  upon  the  life  of  the 
time.     But  the  great  importance  of  the  orographic  movement 
which  has  been  identified,  in  relation  to  the  physical  history  of 
a  very  large  district,  must  also  be  borne  in  mind. 

In  conclusion,  the  writer  wishes  to  advocate  the  restriction 
of  the  term  Laramie,  in  accordance  with  its  original  definition, 
to  the  series  of  conformable  beds  succeeding  the  marine  Mon- 
tana Cretaceous,  and  the  grouping  of  the  post-Laramie  lake- 
beds  described,  with  their  demonstrated  equivalents,  in  another 
Beries  to  which  a  comprehensive  name  shall  eventually  be 
pven.  This  course  has  already  been  proposed  by  Mr.  Hills  ir. 
flia  conclusion  which  has  been  cited  (p.  33\  The  question  as 
to  whether  the  series  shall  be  referred  to  tne  Cretaceous  or  to 
^ie  Eocene  cannot  be  finally  settled  until  the  various  conflict- 
iDg  elements  of  the  evidence  have  been  adjusted  on  a  basis  of 
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further  and  more  exact  information.  But  even  if  we  assume 
that  the  lake-beds  are  Cretaceous,  there  remains  a  sufficient 
argument  for  restricting  the  scope  of  the  term  Laramie  in  the 
fact  that  to  include  the  two  or  three  series  of  deposits,  with 
the  long  intervals  between  them,  under  one  group  name  would 
make  the  latter  unduly  comprehensive  and  important  in  the 
scale  of  Cretaceous  sub-divisions.* 


Art.  IV. — On  the  Alkali-Metal  Pentahalides ;  by  H.  L 
Wells  and  H.  L.  Wheeler.  With  their  Crystallography; 
by  S.  L.  Penfield. 

In  the  course  of  our  investigations  on  the  alkaline  triha- 
lides,t  the  compounds  CsCl .  Cl.I,  RbCl .  Cl.I  and  KCl .  C1,I 
were  encountered.  The  potassium  compound  had  been  de- 
scribed many  years  ago  by  Filhol.:]:  Tnis  investigator  pre- 
pared also  the  body  NH^Cl .  C1,I  and  obtained  a  similar  mag- 
nesium compound,  probably  MgCl, .  201,1 .  5H,0.  He  faild 
in  his  attempts  to  make  analogous  compounds  with  sodium  and 
a  considerable  number  of  the  other  common  metals. 

It  was  evident  from  the  peculiar  behavior  of  csesinm  tribro- 
mide  and  triiodide,  mention  of  which  was  made  in  one  of  our 
previous  articles,§  that  a  still  higher  bromide  and  iodide 
existed.     These  have  now  been  identified  as  pentahalides. 

In  addition  to  these  bodies  we  have  prepared  the  sodium 
and  lithium  analogues  of  Filhol's  salt.  They  differ  from  all 
the  other  polyhalides  that  we  have  studied  in  containing  water 
of  crj^stallization 

A  large  number  of  other  alkaline  pentahalides  are  theoreti- 
cally possible,  but,  although  we  have  made  numerous  ex}>eri- 
ments  with  the  view  of  making  the  most  promising  of  these, 

*  Canadian  geologists  have  long  recognized  several  important  divisions  in 
vvliai  thev  have  called  the  Laramie.  As  their  divisions  cannot  be  accuratek  cor- 
related  as  yet  with  those  in  the  United  Stales,  owing  to  the  very  meagre  infor- 
mation concerning  the  great  complex  of  supposed  Laramie  strata  jn  Montana,  the 
writer  has  avoided  a  consideration  of  those  points  in  this  paper.  It  seems  not 
unlikely  that  the  divisions  of  the  group  made  on  combined  stratigraphical  and 
paleontological  grounds  in  Canada  will  agree  with  those  to  be  reached  finally  in 
this  country.  The  *•  Kdnionton  "  and  "  St.  Mary  River  "  beds  seem  to  corre^nd 
to  the  Laramie  proper,  and  the  "  Paskapoo  '  and  "Porcupine  Hills"  beds  to  the 
Fort  Union,  but  it  is  less  clear  that  their  "Willow  Creek"  or  Middle  Laramie  of 
certain  areas  is  equivalent  to  the  postLaramie  lake-beds  here  described.  *'Th« 
uplifting  of  tlie  Rock  Mountains  "  is  said  by  Mr.  J.  B.  Tyrrell  to  have  taken  pliHje 
•at  the  close  of  the  Kdnionton  period."  j(  Report  on  a  part  of  Northern  Albert*, 
p.  L37.  Ann.  Rep.  Geol.  and  Nat.  Hist.  Survey  of  Canada  for  1886). 

f  Tliis  Journal.  III.  xliii,  H  and  475. 

t  J.  Pharra..  xxv  (1839),  431. 

§  This  Journal,  III,  xliii,  pp.  24  and  27. 
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have  been  unable  to  prepare  them.  It  may  be  stated  that 
jcial  efforts  were  made  to  obtain  potassium  and  rubidium 
dtaiodides. 

This  is  produced,  in  an  impure  state  as  a  black  liquid  solidi- 
ng  at  about  73°,  by  treating  caesium  triiodide  with  hot 
ter  and  also  by  treating  solid  iodine  with  a  hot  solution  of 
sium  iodide.  Artilicial  mixtures  of  caesium  triiodide  and 
line,  representing  compositions  varying  from  Csl^  to  Csl^, 

melt  at  a  uniform  temperature  of  about  73°.  It  is  evident 
>m  this  that  the  composition  of  the  black  liquid  cannot  be 
termined  from  its  melting-point. 

Caesium  triiodide,  which  is  readily  soluble  in  alcohol,  he- 
mes much  more  soluble  in  that  liquid  in  the  presence  of  two 
)m8  of  iodine  to  the  molecule.  A  very  concentrated  solu- 
►n  of  this  kind  gives  crystals  of  the  pentaiodide  by  cooling, 
t  a  much  better  product  is  obtained  by  concentration  over 
Iphuric  acid,  using  a  slight  excess  of  iodine  to  allow  for  loss 

volatilization.  The  crystals  are  well  formed  and  have  a 
illiant  black  color.     They  can  be  distinguished  from  crystals 

iodine,  which  may  separate  if  too  much  of  this  substance 
s  been  used,  by  their  brittleness  as  well  as  their  form.  The 
bstance  melts,  not  sharply,  at  73°.  It  loses  iodine  on  expo- 
re  about  as  rapidly  as  iodine  itself  volatilizes.  It  does  not 
»ntain  water  or  alcohol. 

Samples  of  the  crystals  quickly  dried  with  paper  gave  the 
allowing  results  on  analysis  : 

Made  by  By  evaporation,  Calculated 

cooling.  Separate  products.  for  CsIa. 

Caesium 15-20  2096  16*02.  17-32 

Iodine 82-68 

CsBr^, 

When  a  concentrated  solution  of  csesium  bromide  is  shaken 
ip  with  a  large  excess  of  bromine  there  is  no  separation  of 
«8ium  tribromide,  as  is  the  case  when  the  theoretical  amount 
f  bromine  is  used.  A  large  part  of  the  caesium  bromide 
loeg  into  solution  in  the  liquid  bromine,  and  on  taking  up  a 
Bfficient  quantity  of  csesium  bromide  this  solution  becomes 
filter  in  color  than  pure  bromine. 

A  solution  of  csesium  bromide  in  bromine,  made  in  the 
loner  above  indicated,  was  allowed  to  evaporate  spontane- 
8ly  at  a  temperatnre  below  0°.  A  dark  red  solid  finally 
larated  and  it  was  prepared  for  analysis  by  pressing  with 
yers  at  the  same  low  temperature.  After  the  adhering 
mine  had  been  removed  the  substance  gave  off  bromine- 
or  very  rapidly. 
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Calculated 
Analysis  gave  for  CsBr^. 

Caesium 29-93  24-96 

Bromine... 75-06 

The  analysis  corresponds  with  the  formula  CsBr,  as  well  as 
eould  be  expected  considering  the  great  instability  of  the  com- 
pound. 

CbCI.  CI  J, 

This  substance  can  be  prepared  by  dissolving  40  g.  of  csesinm 
chloride  in  a  mixture  of  600  c.c.  of  water  and  200  c.c.  of 
concentrated  hydrochloric  acid,  adding  30  g.  of  iodine  (one 
atom),  passing  chlorine  to  saturation,  meanwhile  keeping  the 
solution  warm  enough  to  dissolve  any  of  the  compound  which 
separates  in  the  form  of  a  yellow  precipitate,  and  finally  cool- 
ing to  crystallization.  The  hydrochloric  acid  is  used  to  pre- 
vent the  simultaneous  deposition  of  an  acid  csesium  iodate. 

Calculated 
Analysis  g^ve.  for  CsCl .  Clal. 

Caesium 32-44  33-09 

Chlorine   34-79  35-32 

Iodine 31-11  31-59 

The  crystals  are  of  a  pale  orange  color.  They  are  in  the 
form  of  slender  prisms,  usually  in  parallel  position  forming 
plate-like  groups.  The  body  is  sparingly  soluble  in  water  and 
can  be  recrystallized  from  it  without  much  decomposition.  It 
is  nearly  permanent  in  the  air.  On  heating  it  is  apparently  j 
converted  into  CsCl .  ClI,  for  it  melts  like  that  substance  at  ; 
238°  (uncorr.)  in  the  open  capillary  tube. 

JRhCLClJ, 

This  body  can  be  conveniently  prepared  by  adding  40g.  of  : 
iodine  to  a  nearly  saturated  solution  of  38  g.  of  rubidimn 
chloride  and  passing  in  an  excess  of  chlorine.  The  solution  j 
becomes  warm  from  the  reaction,  and  on  cooling  large  orange- 
yellow  plates  are  deposited. 

Calculated 
Analysis  gave  for  RbCl .  CljI- 

Kiibidiuni 24-12         23*63  24-11 

Chlorine 39-00  40*05 

Iodine.. 35-31  35-83 

The  compound  is  soluble  in  alcohol,  unaffected  by  ethet 
When  rapidly  heated  in  an  open  capillary  tube  it  melts  ik 
213°  (uncorr.)  undergoing  some  decomposition,  and  beconrti 
completely  white  at  about  270°.     These  numbers  agree  quit* 
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dosdy  with  the  melting  and  whitening  points  of  RbCl .  ClI, 
80  that  it  is  evident  that  there  is  a  loss  of  two  atoms  of  chlo- 
rioe  before  much  further  decomposition  takes  place.  In  view 
of  this  fact  it  is  remarkable  that,  when  samples  of  RbCI .  C1,I 
ind  RbCl .  ClI  were  exposed-  to  the  air  side  by  side  for  three 
months,  the  compound  containing  the  greater  amount  of 
chlorine  was  almost  completely  decomposed  while  the  other 
remained  nearly  unchanged.  It  is  therefore  probable  that 
RbCl .  CI,I  decomposes  at  ordinary  temperatures  by  losing  C1,I 
as  a  whole,  while  by  heating  another  decomposition  takes 
place. 

KCl .  CI  J. 

This  compound,  first  described  by  Filhol,  has  been  prepared 
for  the  sake  of  studying  its  crystalline  form.  It  is  easily 
made  by  the  method  which  has  been  ffiven  for  the  correspond- 
ing rubidium  compound.  The  crystals  obtained  by  cooling  are 
in  the  form  of  very  slender  needles,  but  by  evaporating  the 
mother-liquor  from  these  at  ordinary  temperature  thicker 
prisms  suitable  for  measurement  can  be  obtained. 

Calculated 
AnalysiB  gave  for  KCl .  GUI. 

Potassium 1 1  -98  12-66 

Chlorine 46-31  46-10 

Iodine 42-50  41-23 

JSTaCl.  ClJ.2Sr^0. 

To  prepare  this  substance,  sodium  chloride  and  iodine  in  the 
calculated  proportions  are  mixed  with  insufficient  water  to  dis* 
solve  the  sodium  chloride  even  on  heating,  chlorine  is  added 
to  saturation  at  a  gentle  heat  and  the  liquid  is  filtered  while 
still  warm.  The  solution  on  cooling  to  a  low  winter  tempera- 
ture gives  a  crop  of  slender  needles,  but  better  crvstals  are 
■  obtained  by  evaporation  in  a  desiccator.  Some  of  the  latter, 
qnickly  dried  on  paper,  gave  the  following  results  on  analysis : 

Calculated 
i  Found.  for  NaCl .  CIJ .  2HaO. 

Sodium 7-17  7-01 

Chlorine 42-92  43-29 

Iodine 38-23  38*71 

Water 12-84*  10-97 

The  water  was  determined  by  direct  weighing  in  a  calcium 
chloride  tube,  the  halogens  being  retained  by  an  ignited  mix- 
ture of  lead  oxide  and  lead  chromate. 

*  Determined  in  a  separate  sample. 
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The  body  is  rapidly  decomposed  by  exposare.  It  melts 
gradualW  between  70°  and  90  and  becomes  white  at  about 
115°.     It  is  decomposed  by  strong  alcohol  and  by  ether. 

LiCl.ClJ.Aff^O. 

Tbis  was  made  by  adding  60  g.  of  iodine  to  a  hot  saturated 
solution  of  2(»  g.  of  lithiam  5iloride  in  dilate  hydrochloric  acid, 
saturating  w^ith  chlorine  and  cooling.  A  large  qaantity  of 
lon^,  yellow  needles  was  thus  obtained.  On  evaporating  the 
motner-liquor  in  a  desiccator  larger  prisms  were  deposited. 


Analysis  gave 

Lithium 2-03  216 

Chlorine 39-96         39-94 

Iodine 37-54         36-77 

Water 20-93  


Calculated  for 
LiCl .  GUI .  4H,0. 

201 
40-80 
36-49 
20-68 


On  exposure  to  the  air  the  substance  quickly  deliquesces, 
forming  a  yellow  liquid.  This  gradually  loses  its  color,  finally 
leaving  a  solution  of  lithium  chloride.  The  body  melts  at 
70°-80°  and  becomes  white  at  about  180°.  The  crystals  of 
this  compound  were  not  measured. 

Crystallography, 

The  crystallization  of  Csl^  is  triclinic.  By  slow  evaporation 
of  a  solution  in  a  desiccator,  crystals  were  obtained  which  were 
about  10™'"  in  diameter.  Two  crops  were  examined,  in  one  of 
which  the  habit  shown  in  lig.  1  prevailed  while  in  the  second 
the  crystals  were  more  highly  modified  like  figs.  2  and  3. 


1. 


2. 


3. 


a,  100.  i-\ 
c.  001.  O 
7,1,  110,    /' 


The  forms  which  were  observed  are : 

d,  on.     ]-r 

J]    041,       4'V 

e,    O-JI,       2-)_ 
M.  110,   /  i>,  311,   -3-;l' 

The  axial  ratio  is  as  follows  : 

ii:b:c=  09890:  1  :  0-42765 
a  =  96*  50' 


0,  311,      3-:V 

.T,   341,  -4-^' 
y.    341,       4-*' 


/i  =  89'  55i' 


y  =  90°  2lf 
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The  crystals  gave  good  reflections  of  the  signal  on  the 
goniometer.  In  the  following  tables  the  measurements  which 
were  chosen  as  fundamental  are  indicated  by  an  asterisk. 


MaM. 

a  Am. 


100 
110 
100 
001 
e  Arf.  05l 
a.i/,  100 
0  A«.  100 
0  ^d,  100 
a  Aj).   100 

0^0,  Too 


4. 


^001 

^ilo 

>vllO 

^021 
aOII 

A    lIO 

^021 
^011 
^311 
.311 


I' 


i  \o 


V 


MeMxired. 
=*90'  2' 
=♦89  47 
=  •44 
=♦43 
=♦65 
=  45 
=  90 
=  89 
=  41 
=  41 


Calcalated. 


43 
26 
25 
4 
6 
67 
18 
31 


45' 

90 

89 

41 

41 


4' 

16 
54 
19 
25 


c  A  m,  001 
c  aM,  001 

e  ^m,  021 
e  >^M,  021 
d^m,  Oil 
dAM,011 

p  A  7W,  31  1 

/a^,  041 
X  /v  m^  341 
y^M,  341 


Alio 
^iTO 
aTIO 
/.llO 
Alio 

aTio 

Alio 
A  Oil 
aHO 
aTIO 


Measured. 
=  85"    8' 


Calcalated 


=  85 
=  65 
=  65 
=  70 
=  70 
=  40  41 
=  32  30 
=  25  46 
=  25  56 


7 
9 
8 
3 
6 


85** 

8o 

65 

65 

70 

70 

40 

32 

25 

25 


9' 

H 
3 

18 

2 

4 
41 
37^ 
44i 
52 


The  form  of  CsCl .  CIJ  is  monoclinic.  From  a 
number  of  crystallizations  this  salt  was  always  ob- 
tained in  needles,  sometimes  over  20""  in  length 
and  having  the  habit  shown  in  fig.  4. 

The  forms  which  were  observed  are : 


6,  010,  i'i 
I,   210,  i-2 


p,  212,   -1-5 
q,  211,   -2-2 


s,  211,  2-2 
d,  041,  4-1 


The  axial  ratio  is  as  follows  : 
d\b:c  =  0-9423:  1  :0-4277,  /?=  100^001  =  86°  20' 


Measured. 

Calcalated 

1. 1  210a2TO=    ♦50"  22' 

'     /.]..  210^212=    ♦44°  51 

Pa*.  212a2I1  =^106    35 

/. 9,210^211  =      27       3 

27°  V 

l^s,    210a2Ii  =  28' 
Pa;>,   212  a  212  =  32' 
p^h.   212^010=  73 
b^d,   010  A  041  =  31 


Measured, 
35' 
59 
31 
0 


Calculated. 
28°  34' 


33 
73 
30 


2 
29 
21 


5. 


The  crystallization  of  RbCl .  C1,I  is 
monoclinic.  This  salt  was  crystallized  a 
great  many  times  and  was  always  ob- 
tained in  plates,  sometimes  over  20"" 
broad,  but  seldom  1""  thick.  The  habit 
is  shown  in  fig.  5. 

The  forms  which  were  observed  are  : 


6,  010,  i'i 
c,  001,   0 


m,  no,    / 
P,  111,-1 


8,    111,    1 


The  axial  ratio  is  as  follows  : 

a:"^:^  =  1-1390:  1:1-975,  /5=100>^001  =  67°  6f 
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c^m,  001.110  =  •;*■'  '^6' 
c.p,  001 -III  =  »6B  20 
p~p,    111. Ill  =■'78    21 


I,  111^110=  19 


Msunred.  CilnlUed. 
=  SI"  12'  82*  IS' 
=  33     20         13     19 


With  the  polarizing  microscope  the  plates  show  an  exti^l^ 
tion  parallel  to  their  diagonalB.  In  convergent  light  nothing 
of  the  ring  system  can  be  seen,  but  a  dark  bar  croseee  the 
field  in  the  direction  of  the  symmetry  plane,  indicating  thit 
the  plane  of  the  optical  axes  is  the  dino-pinaeoid. 

Toe  crystalline  habits  and  axial  ratios  of  CsCl .  CI, I  and 
RbCi.Cl,!  are  wholly  different  and  all  attfimpts  to  find  acv 
similarity  or  mathematical  relation  between  them  has  faileo. 
We  have  endeavored  to  detect  any  hidden  relation  that  might 
exist  by  examining  separate  crops  of  crystals,  made  from  i 
solution  containing  botli  salts.  Each  form  alone  and  mixtures 
of  both  were  thus  obtained,  but  no  crystals  of  an  intermediate 
form  could  be  produced.  One  unmixed  crop,  having  the  form 
and  angles  of  CsCl .  CI,!,  contained  about  sixteen  per  cent  of 
RbCl.Cl.I,  while  another,  having  the  form  and  angles  of 
RbCl.CI.I.  contained  about  eleven  per  cent  of  CsCl.CIJ. 
e  These  results  show  that  isomorphons  mixtures  can 

be  obtained  of  either  form,  depending  upon  which 
salt  predominites,  while  the  absence  of  any  inter 
mediate  forms,  and  the  inability  to  detect  any  mathe- 
matical relation  between  the  two  kinds  of  crrstals, 
leads  us  to  believe  that  the  compounds  are  <3imor- 
phous. 

The  form  of  KCl.  Cl.I'is  monoclinia  This  ^alt 
was  repeatedly  made  in  tine  needle-like  crystals,  too 
small  to  measure,  by  allowing  a  warm  satu rated  soln- 
tion  to  crystallize.  By  slow  evaporation  in  a  desic- 
cator, at  ordinary  temperatures,  stouter  prismatic 
crystals,  over  20"""  long  and  2"™  in  diameter,  were 
obtained  iiaving  the  habit  shown  in  fig.  6,  These  gave  excel- 
lent reflections  and  were  measured  without  difficulty  at  winter 
temperature. 

Tnc  forms  which  were  observed  are  : 


m.  110.  /    ■ 
The  axial  ratio  is  lis  follows  : 

(J:6  :  (■—  0-n268:  1  :  (1-44725, 


:  100^001  =  84°  1> 


.1/,  1 
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The  positions  and  crystal  symbols  which  have  been  adopted 
for  this  and  the  corresponding  CiBsiuni  salt  were  chosen  to 
show  a  similarity  in  the  axial  ratios.  Both  salts  are  alike  in 
liaving  a  prismatic  habit,  but  the  forms  which  occur  on  each 
ire  quite  different.  If  it  were  not  for  bringing  out  this  simi- 
larity in  axial  ratios  the  crystallography  of  both  salts  could  be 
amplified  somewhat  by  giving  to  the  dome  d  above  the  sim- 
pler indices  Oil  and  by  taking  the  prism  and  pyramids  of  the 
caesium  salt  as  belonging  to  the  unit  instead  of  to  the  macro- 
diagonal  series. 

The  anhydrous  alkali-metal  pentahalides  do  not  form  a  well- 
defined  crystallographic  series,  yet  there  are  relations  between 
three  of  tliem  which  seem  to  us  to  be  more  than  coincidences. 
The  similarity  is  shown  in  the  following  table  : 

CsCl .  C1,I  Monoclinic  d:b:cz=  0-9423  :  I  :  0*4277,    p  =  86°  20' 
KCI.CI3I  *'  ci:^  :c=  0-9268:  1  :  0-44725,  /i^=  84°   18' 


Csl. 


Triclinic  \d:b:c=  09890  :  1  :  042765 

(  a  =  96°  56',  fi  =  «9°  55f ,  y  = 


90°  2U' 


7. 


The  crystallization  of  I^aCl .  C1,1 .  2H,0  is  or- 
thorhombic.  By  slow  evaporation  of  a  solution 
in  a  desiccator  crystals  were  formed  over  lO*"™  in 
length,  having  the  habit  shown  in  fig.  7. 

The  forms  which  were  observed  are : 


b,    010,  i-X 
m,  110.    J 


P.  Ill,   1 
d,  021,  2-1 


The  axial  ratio  is  as  follows : 

<l:'^:c  =  0-6745  :  1  :  0-5263 

The  crystals  were  measured  at  a  temperature 
near  0°  C.  and  gave  excellent  reflections. 


Measared. 
7/iAW,  110^  lIO  =  »68'-   0' 
m.|),   110 /sill  =»46     44 

Sheffield  Scientific  School. 
April,  1892. 


Measured. 
m^h.    110^010  =  56'   0' 
h  y.d,  010  >.  021  =  43    29 


Calculated. 
56"  0' 
43    32 
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Art.  V. — Fossils  ill  the  '^  Archcean^^  rocks  of  Central  Pied- 
numt  Virginia ;  by  N.  H.  Dartox,  it.  S.  Greological 
Survey. 

It  is  my  purpose  in  this  paper  to  announce  the  discovery  of 
organic  remains  of  Lower  Sihirian  age  in  the  roofing  slate  at 
Arvon,  Buckingham  County,  Virginia. 

Piedmont  \  irginia  received  considerable  study  from  W. 
B.  Rogers  in  the  State  Surveys  of  1S35  to  1840,  but  I  know 
of  no  subsequent  investigations  of  its  structure.  The  region 
contains  a  great   variety  of   rocks,   comprising  granites  and 

fneisses  in  large  part,  mica  schists,  chlorite  schists,  slates,  mar- 
les,  conglomerates  and  various  basic  intrusives.  The  elastics 
are  considerably  metamorphosed  and  apparently  their  structure 
is  complicated. 

Durmg  a  recent  reconnaissance  of  the  Piedmont  plain  west 
of  Richmond,  in  connection  with  studies  of  its  geomdrpholc^, 
I  found  myself  near  the  slate  quarries  at  Arvon,  and  on  visit- 
ing them  1  discovered  the  organic  remains.  The  locality  ia  on 
a  small  branch  of  Slate  River  four  miles  southwest  of  iDreffiO 
Bluff  Station  on  the  James  River,  in  the  northeastern  coner 
of  Buckingham  County.  The  belt  is  one  of  several  whieh 
occur  in  Piedmont  Virginia.  The  slate  is  hard  and  durable 
and  it  is  extensively  quarried  for  the  market.  W.  B.  !R<^rB 
refers  to  these  slates  in  the  part  on  Virginia  in  Macfarlane's 
Geological  Railway  Guide  and  classifies  them  as  Huronian,  bat 
on  what  grounds  is  not  stated.  I  did  not  have  time  to  study 
the  local  geologic  relations  of  the  slates,  but  it  was  noticed  that 
they  lie  in  a  closely  folded  syncline  in  an  altered  sandstone 
whicli  is  in  turn  underlain  by  a  highly  altered  conglomerate. 
This  cunirluineratc  increases  in  nia^s  southward  and  finally  gives 
rise  to  Willis  ironntain,  an  elevated  knob  which  stands  out 
prominently  above  the  Piedmont  plains.  The  cleavage  of  the 
slate  dips  S.  70°  E.  yf^^y"^.  The  slates  are  cut  by  dikes  of  dia- 
base wliic'li  have  caused  some  local  shattering,  and  they  also 
contain  occasional  knots  of  (|uju*tz  in  which  Dr.  G.  H.  Willianig 
recently  diseoveivd  tlie  mineral  anatase.* 

Tile  fossils  occur  in  a  narrow  belt  along  which  the  bedding 
and  cleavai^e  coiiKjide.  This  portion  ut"  the  <[uarrv  is  now  in 
tcreater  i)art  buried  under  debris,  but  owintj:to  the  kindness  of 
Air.  Williams,  the  superintendent.  I  was  able  to  secure  several 
slabs.  The  remains  are  s<>lely  (►!'  crinoids  and  the  slabs  bear  ^ 
nianv  frairnit^nts  of  various  parts  of  these  organisms.  The 
accompanying  tii^ures  represent  the  more  characteristic  forms, 
faithfully  reproduced  by  Mr.  Hunter  of  the  Geological  Survey. 


*Tliis  Journal.  HI.  vol.  .\lii.  pp.  43!,  432. 
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The  slabs  were  submitted  to  Mr.  C.  D.  Walcott,  who  Las 
khidly  made  the  following  statement  regarding  them  :  "I  have 
studied  the  specimens  of  slate  showing  crinoidal  remains  and 
come  to  the  conclusion  that  they  belong  to  the  Trenton-Lor- 
raine or  upper  portion  of  the  Ordovician  fauna.  One  of  the 
larger  columns  is  closely  allied  to  Schizocrinu%  nodosum,  and 
some  of  the  heads,  although  indistinct,  approach  closely  to 
Heterocrlmis  and  Poterov^'inus.  If  these  suggestions  are  cor- 
rect, the  slates  are  to  be  correlated  with  the  Lorraine  or  Hud- 
son series  and  in  the  same  horizon  with  the  Peach  Bottom 
slates  of  Pennsylvania. 

The  occurrence  of  fossiliferous  beds  in  the  crystalline  area 
of  Virginia  will  greatly  aid  in  the  determination  of  the  age 
and  structure  of  its  rocks,  and  the  discovery  at  Arvon  may  be 
regarded  as  a  most  fortunate  one.  There  are  several  other 
belts  of  slate  in  the  Piedmont  region,  notably  in  Virginia, 
Maryland  and  Pennsylvania,  and  it  seems  probable  that  other 
similar  localities  may  be  discovered.  I  have  recently  explored 
one  of  these  belts  which  comprises  the  easternmost  rock  outcrop 
along  the  edge  of  the  coastal  plain  from  north  of  Fredericks- 
burg to  a  short  way  beyond  the  Occoquan  River,  but  without 
finding  fossils.  This  belt  will  be  designated  the  "Quantico 
slates  "  on  the  ''  Fredericksburg  "  and  "  Mount  Vernon  "  sheets 
of  the  U.  S.  Geoloficical  Survev.  Its  slates  are  similar  to  those 
of  Arvon,  but  somewhat  more  altered,  and  they  were  at  one 
time  worked  to  some  extent  for  roofing  slate,  although  most 
of  the  beds  contain  more  or  less  pyrite  which  renders  them 
unserviceable  for  roofing:. 


Akt.   W. — ]S^(>t('S  ou  the  Camhrlan  liOclcs  of  Yi7*ginia  ani 
the  Sofitlurn  Appalachians ;  by  Chas.  D.  WaLcott. 

In  connection  with  the  studv  of  the  Cambrian  rocks  and 
faunas  of  Xorth  America  I  made  a  hurried  reconnaissance  in 
the  fall  of  1891  of  the  sandstone  series  of  central  Virginia. 
In  company  with  Mr.  J>ailev  Willis  and  Prof.  H.  D.  Campbell 
an  examination  was  made  of  the  Balcony  Falls  section  along 
the  line  of  the  James  Iliver.  It  failed  to  bring  to  light  any 
traces  of  origan ic  remains  other  than  the  ScoHthus  that  occurs 
in  the  massive  quartz! te  below  the  ferriferous  shale  at  the 
western  end  of  the  gorge.  On  the  following  day  well  pre- 
served s])ecimeiis  of  a  species  of  Ptychoparia  were  discovered 
in  the  shale,  by  the  roadside,  about  a  mile  south  of  Natural 
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Bridge  and  one-fonrth  of  a  mile  north  of  Gilmore,  on  the 
lames  River.  Crossing  the  James  to  the  soutli  side  and  oppo- 
iite  Gilmore,  in  company  with  Mr.  Willis,  a  search  was  made 
'or  fossils  in  the  strata  above  the  Scolithiis  quartzite  of  the 
Balcony  Falls  section.  At  a  point  on  a  small  brook  about 
;hree-fonrths  of  a  mile  from  the  river  a  calcareous  sandstone 
^as  found  to  contain  the  heads  of  a  species  of  Olenellus,  like 
Olenelhis  Thompaoni^  also  Hyolithes  AinericamiH  and  //.  eom- 
nunis. 

The  discovery  of  these  two  horizons  indicates  that  the  200U 
•eet  of  strata  beneath  the  ferriferous  shales  of  the  Balcony 
Falls  section  are  of  Lower  Cambrian  age,  and  that  the  shales 
lot  far  beneath  the  dolomitic  limestones  of  the  Natural  Bridp^e 
action  are  also  of  Cambrian  age.  The  study  of  the  heads  of 
Ptychoparia,  found  in  the  latter  section,  show  them  to  be  so 
slosely  related  to  species  from  the  Middle  Cambrian  beds  of 
Tennessee  that  it  is  impossible  to  correlate  the  shales  with  the 
Tpper  Cambrian  zone.  Neither  is  there  sufficient  evidence, 
>wing  to  the  great  vertical  range  of  the  species  of  Ptycho- 
paria of  this  type,  to  correlate  the  shales  with  the  Middle 
Cambrian  of  Tennessee ;  at  present  we  can  only  state  that  they 
are  of  Cambrian  age,  and  that  the  Cambrian  section  includes 
the  strata  from  the  base  of  the  dolomites,  to  the  Archiean 
racks  at  the  base  of  the  Balcony  Falls  section.  It  is  not  im- 
probable that  some  of  the  lower  portion  of  the  upper  massive 
dolomites  may  be  of  Cambrian  age. 

The  Doe  River  and  Nolichucky  sections  of  northeastern 
Tennessee  were  next  examined.  Although  no  fossils  were 
found  in  the  lower  quartzites  and  argillites,  it  is  evident  that 
these  sections  may  be  correlated  with  the  Balcony  Falls  sec- 
tion of  Virginia.  In  the  Doe  River  section  there  is  a  Sco- 
lithas  sandstone  that  occurs  two  thousand  feet  or  more  above 
the  base  of  the  section,  and  the  superjacent  series  of  calcareous 
and  shalv  beds  are  usually  removed  by  erosion.  The  Noli- 
cuacky  section  appears  to  be  a  greater  development  of  the 
ttme  series  as  that  exposed  in  the  Doe  River  gorge. 

In  central  Tennessee  we  were  joined  by  ^li*.  M.  R.  Campbell 

^d  a  large  collection  of  Cambrian  fossils  was  made  in  the 

^'einity  of  Rogersville,  Tennessee,  and  many  points  relating 

to  the  stratigraphy  of  the  Cambrian  rocks  of  that  region  were 

determined  by  the  finding  of  typical  Cambrian  fossils. 

West  of  Cleveland,  in  East  Tennessee,  the  Olenellus  or 
ower  Cambrian  fauna  was  found  near  the  base  of  the  Knox 
Indstone  of  Safford  or  the  Rome  sandstone  of  Hayes.  13e- 
eath  the  sandstone  a  considerable  thickness  of  lituestone 
X*ur3  and  subjacent  to  this  2000  feet  or  more  of  arenaceous 
id    arenaceous  shales   in    which   the  Olenellus   fauna   was 
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found.  In  the  central  portion  of  the  Rome  sandstone  series 
of  the  Cleveland  section,  100  to  200  feet  above  the  Olenellns 
fauna,  a  few  species  of  the  Middle  Cambrian  fauna  were  found, 
and  higher  up,  in  the  shales  and  limestones  above  the  sand- 
stone, an  abundant  fauna  that  is  now  referred  to  the  Middle 
Cambrian  zone.  The  same  succession  of  faunas  was  found  in 
the  section  east  from  Post  Oak  Springs,  Roane  County,  Ten 
nessee.  The  Middle  Cambrian  fauna  of  the  sandstone  and 
also  of  the  superjacent  shales  was  found  in  the  section  ten 
miles  east  of  Knoxville  at  Shook's  gap  through  Bay's  Mountain 
where  the  section  is  similar  to  that  west  of  Cleveland.  The 
same  sequence  of  Middle  Cambrian  faunas  was  found  in  the 
Knox  sandstone  and  the  superjacent  shales  immediately  north 
of  Knoxville.  Types  of  this  fauna  also  occur  in  the  Rome 
sandstone  series  at  Rome,  Georgia,  and  in  the  limestones  and 
shales  of  the  Coosa  series,  in  Coosa  Valley,  north  and  south  of 
Cedar  Bluff,  Alabama. 

After  returning  from  the  field  and  when  studying  the  faunas 
from  the  Tennessee  and  Coosa  Valley  sections,  great  doubt 
arose  as  to  the  correctness  of  placing  the  Coosa  shales  beneath 
the  Rome  sandstone  in  the  stratigraphic  section.* 

Dr.  Cooper  Curtice  who  had  studied  the  formations  of  the 
Coosa  Valley,  when  collecting  for  the  U.  S.  Geological  Sur- 
vey in  1885,  was  instructed  to  re-examine  the  sections  of  the 
Coosa  Valley  and  those  to  the  south,  in  Alabama.  This  expe- 
dition resulted  in  the  discovery  of  the  Olenellus  fauna  in  the 
shale  in  the  vicinity  of  Montevallo,  Alabama,  and  in  obtaining 
evidence  showing  that  the  greater  portion  of  the  Coosa  shales 
and  limestones  of  the  Coosa  Valley  were  above  the  Rome 
sandstone  series. 

The  data  obtained  during  the  field  season  enable  me  to  cor- 
relate and  bring  into  their  proper  stratigraphic  position  the 
collections  that  have  been  made  by  geologists  and  for  the  U.  S. 
Geoloii^ical  Survey  from  the  Cambrian  rocks  of  the  Southern 
Appalachians,  and  to  establish  the  fact  that  during  Middle 
Cambrian  time  there  was  a  great  deposition  of  sediments  that 
now  form  a  series  of  shales  and  limestones  nearly  3,000  feet  in 
thickness.  The  Lower  Cambrian  is  represented  by  the  lower 
portions  of  the  Rome  sandstone,  the  limestone  immediately 
sul)jacent  and  the  series  of  varieirated  arenaceous  and  argilla- 
ceous shales  forming  j:he  base  of  the  series.  A  study  of  the 
fauna  shows  that  the  ty])ieal  Tpper  Cambrian  fauna  of  the 
Adirondack  region  of  New  York  and  the  upper  Mississippi 
Vallev  area  of   Wisconsin   and   Minnesota,  has  not   vet  been 

*  The  (Jvorthrust  Fnults  of  the  Soiitliern  Appalaoliiaiis.  Bull.  Geol.  Soc- 
America,  vol.  ii.  Fel)ruarv,  1891.  p.  ]4'A,  pi.  ?> :  i\]<o.  Bull.  U.  S.  Gcol.  Survey,  Na- 
81.  18IM,  p.  304. 
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md  in  the  Appalachian  region  sonth  of  New  York.  In  the 
Qtral  eastern  Tennessee  section  the  upper  limit  of  the  Mid- 
3  Cambrian  fauna  is  in  a  shaly  band,  not  fifty  feet  below  the 
erty  beds  of  the  Knox  dolomites  which  usually  have  been 
Ferred  to  the  Lower  Silurian  (Ordovician).  The  recent  dis- 
very  by  Mr.  M.  R.  Campbell  of  the  typical  Calciferous  fauna 

the  New  York  section  at  an  horizon  2000  feet  up  from  the 
se  of  the  dolomites  negatives  this  reference  and  indicates 
at  the  Upper  Cambrian  in  Tennessee  is  represented  by  the 
Bver  2000  feet  of  the  Knox  dolomites  in  the  southern  por- 
►n  of  the  Appalachian  trough.  In  the  vicinity  of  Rutland, 
ermont,  the  upper  portion  of  the  Lower  Cambrian  and  all  of 
e  -Middle  and  Upper  Cambrian,  if  present,  are  included  in 
e  dolomites  and  marbles  above  the  "  granular  quartzite"  and 
is  probable  that  the  lowor  portion  of  the  great  limestone 
It  of  Pennsylvania  and  Virginia  is  of  Cambrian  age. 
The  sediments  of  the  massive  quartzites  of  the  Lower  Cam- 
ian  that  extend  from  Northern  Vermont  to  Alabama,  along 
e  line  of  the  eastern  margin  of  the  Cambrian  paleo-Appa 
jhian*  sea  were  evidently  accumulated  near  the  shore.  At 
licony  Falls,  Virginia  and  Chilhowee  Mountain,^  Tennessee, 
e  Olenellus  fauna  occurs  in  connection  with  the  series,  and 

appears  to  be  a  fair  inference  that  while  the  sandstones  of 
hilhowee,  etc.,  were  being  deposited  in  the  vicinity  of  the 
lore  line  the  variegated  shales  and  limestones  of  the  Lower 
ambrian  were  being  deposited  farther  off  shore  in  the  sea  to 
le  west.  This  sea  was  shallow  and  from  the  distribution  of 
18  Rome  sandstone  series  the  inference  is  that  much  of  the 
jdiment  was  derived  from  the  west.  The  close  of  the  epoch 
a  which  the  coarse  sand  was  deposited  along  the  Virginia 
portion  of  the  shore  was  abrupt  and  the  immediately  super- 
acent  deposits  indicate  a  deepening  of  the  sea.  The  Rome 
andstone  epoch  was  of  relatively  short  duration  although  of 
ride  geographic  distribution  in  eastern  Tennessee  and  northern 
Jeorgia  and  Alabama. 

The  conditions  which  resulted  in  the  deposition  of  the 
inox  dolomites  during  Upper  Cambrian  time  in  the  southern 
K)rtion  of  the  Appalachian  trough  were  probably  connected 
nth  the  orographic  movement  that  gave  rise  to  the  more  strik- 
ag  phenomena  in  the  northern  portion  of  the  Appalachian 
rough,  and  affected  the  deposition  of  the  sediments  over  the 
ttterior  of  the  continent. 

In  the  valley  of  the  St.  Lawrence,  especially  at  Point  Levis, 
pposite  Quebec,  a  bed  of  conglomerate  occurs  on  the  south 
lore  of  the  St.  Lawrence  below  Point  Levis  and  also  on  the 
nth  shore  of   the    Island  of   Orleans.      This  conglomerate 

♦Bull.  U.  S.  Geol.  Survey,  No.  81,  1891,  p.  302. 
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includes  bowlders  of  limestone  carrying  the  Lower  Cambrian 
fauna.  It  is  from  i,5<X)  to  2,CK)0  feet  below  the  conglomerate 
beds  of  Point  Levis,  which  carry,  in  the  lower  beds,  lai^ 
bowlders  of  limestone  in  which  the  Middle  and  Upper  Cam- 
brian faunas  occur.  By  the  fossils  contained  in  the  matrix  of 
the  upper  conglomerate  series  it  is  known  that  it  is  of  Lower 
Ordovician  age,  and  from  this  it  is  inferred  that  the  lower 
conglomerate,  carrying  the  Jx>wer  Cambrian  fauna,  occurs  in 
strata  corresponding  to  the  Upper  Cambrian  zone.  The  pres 
ence  of  these  bowlder  conglomerates  of  Upper  Cambrian  and 
Lower  Ordovician  age  proves  that  an  orographic  movement 
occurred  in  tlie  valley  of  the  St.  Lawrence  by  which  the 
Lower  Cambrian  and  later  Cambrian  limestones  were  elevated 
and  formed  a  portion  of  the  shore  line  during  Middle,  late 
Cambrian  and  early  Ordovician  times. 

From  my  recent  studies  of  the  Cambrian  rocks  and  faunas 
over  the  interior  of  the  continent,  I  conclude  that  the  conti- 
nent was  depressed  during  the  latter  part  of  Middle  Cambrian 
and  the  early  part  of  Upper  Cambrian  times,  so  that  the  sea 
transgressed  across  the  great  interior  of  the  continent  and 
deposited  the  sediments  of  the  interior  continental  province. 

From  the  preceding  statements  it  appears  that  toward  the 
close  of  Middle  Cambrian  time  and  during  Upper  Cambrian 
time  there  was  a  decided  continental  movement,  resulting  in 
the  depression  of  the  interior  continental  plateau,  and  that 
this  was  accompanied  by  the  formation  of  conglomerate?  of 
the  older  Cambrian  rocks  in  the  vallev  of  the  St.  Lawrence 
and  bv  a  irreat  deposition  of  sediments  of  later  Cambrian 
time  in  the  Southern  Appalachian  region.  In  a  paper  soon  to 
be  published  l)y  iLr.  Arthur  Keith  of  the  U.  S.  Geological 
Survey  evidence  will  be  presented  of  an  orographic  movement 
in  Eastern  Tennessee  during  this  period. 

The  fauna  of  later  iliddle  Cambrian  time,  in  Tennessee, 
(Georgia  and  Alabama,  is  essentially  the  same  as  that  of  the 
basal  (-anibriau  deposits  about  tiie  Adirondack  Mountains,  the 
up])er  Mississippi  Valley  areas  of  Wisconsin  and  Minnesota, 
those  about  the  Black  Hills  of  Dakota,  and  the  Llano  HilU  uf 
Texas. 

The  fauna  of  the  lowest  horizon  in  Wisconsin  includes  ////"- 
JffJirs  pr'(ii»(n*(J mlix.  Pti/('h()j>arl(i  cell t/inen<ndes^  AtjrruiJ'h^''') 
p'('}t}iil US,  ('rrj)i('f j>li(ih(s  on(tf<tKi<,  and  A(/rftuJos  ]\  0(tst>iu.  In 
the  next  zone  al)ove,  whieh  is  also  included  in  the  Middle 
Caujbria!),  the  following  speeies  occur :  Lin'/nid  ampla^  Ling^i- 
bpis  p'rnn((fi>rin'is,  OhnJrIhi  jtnlita^  Ht/oliih^s  priihorfh'ib^^ 
Panph'Kjaxpis  hul/ain^  A<j)(Of<fiis  sj>.^  (rep'tccphfthiH   Trdoro^f*^ 
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eepkalu^)  Chippewensis  =  P,  (L.)  ini7ior^  Amjyhion  matuiina^ 
and  Agraxdos  thea. 

The  line  of  demarcation  between  the  Upper  and  Middle 
Cambrian  in  Wisconsin  is  drawn  between  the  beds  carrying 
the  preceding  fauna  and  the  superjacent  strata.  These  two 
horizons  also  occur  in  the  Potsdam  sandstone  about  the  Adi- 
rondack Mountains  and  in  the  Cambrian  section  of  the  Llano 
Hills  of  Texas. 

It  was  not  until  after  the  recent  work  in  the  Cambrian  of 
Tennessee,  Alabama  and  Georgia  and  an  extended  comparison 
of  the  faunas  with  those  of  the  Upper  Mississippi  Valley  was 
made,  that  the  line  of  demarcation  between  the  Middle  Cam- 
brian and  Upper  Cambrian  was  drawn.  The  reasons  for  this 
will  be  more  fully  presented  in  a  memoir  now  being  prepared 
upon  the  Middle  Cambrian  rocks  and  faunas. 

In  this  preliminary  study  I  had  the  use  of  the  unpublished 
geologic  maps  of  eastern  Tennessee  that  have  been  prepared 
by  the  Appalachian  Division  of  the  Geological  Survey,  and 
Mr.  Bailey  Willis  gave  me  great  assistance  by  placing  at  my 
service  his  extensive  knowledge  of  the  country  and  its  geol- 
ogy. It  is  anticipated  that  the  work  on  the  Cambrian  rocks 
and  fossils  will  be  continued  in  the  Appalachians  during  the 
field  season  of  1S92. 


Art.  VIL — Synthesis   of  the   minerals    Crocoite  and   Pha^- 
nicochroite ;    by  C.  Ludeking,  Ph.D. 

The  synthesis  of  Crocoite  and  Phcenicochroite  may  be  accom- 
plished by  exposing  for  several  months  to  the  air  a  solution  of 
lead  ohromate  in  caustic  potash  in  a  flat  dish  or  plate.  It  is 
possible  thus  to  obtain  a  mixture  of  the  crystals  of  the  two. 
Without  any  difliculty  whatever  the  individual  crystals  can  be 
picked  out  separately  by  means  of  a  pincette  and  obtained  in  a 
state  for  analysis. 

The  following  are  the  analytical  results  obtained  : 

Foand,  Calculate*!. 

Crocoite.  Pb       G3-9  6404  4- 

CrO.   35-2  35-90  — 


99-1  100-00 

Found.  Calculaicd. 

^hmkochroite,  Pb       1\'i  71-43  — 

CrO^    25-9  26-73  + 

It  appears  therefore  from  this  showing  that  the  chemical 
composition  of  the  artificial  crystals  approximates  quite  closely 
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to  the  calculated  values.  Rather  strong  solutions  of  caustic 
potash  should  be  used  and  much  precipitated  lead  chromate 
dissolved. 

The  crystals  obtained  are  rather  small,  but  can  readily  be 
studied  by  means  of  a  lens,  or  better,  a  microscope,  "they 
show  many  modifications  of  the  primitive  form,  as  do  also  the 
natural  crystals. 

I  was  able  to  obtain  by  the  same  method  crystals  of  (2PbO| 
(H,0),  by  exposing  to  the  air  for  several  months  a  saturatea 
solution  of  litharge  in  caustic  potash.* 

It  was  intended  to  produce  by  this  means  cerussite.  The  re- 
action is  of  course  quite  clear.  The  carbon  dioxide  of  the  air 
acting  upon  the  alkali  converts  it  into  carbonate  which  is  not 
a  solvent  for  PbO.  Consequently  this  latter  very  slowly  sep- 
arates out  as  a  crystalline  hydrate,  being  slightly  soluble  itself, 
a  necessary  condition  for  crystallization. 

So  likewise  the  solution  of  PbCrO,  in  KOH  on  exposure  to 
the  air  yielded  crystals  of  crocoite  and  of  phoenicochroite. 
The  formation  of  the  former  is  due  simply  to  tne  slow  abstrac- 
tion of  the  solvent  by  the  carbon  dioxide  of  the  air.  The 
formation  of  the  latter,  the  phoenicochroite,  is  on  the  contrary 
effected  by  another  reaction,  a  portion  of  the  chromic  acid 
being  appropriated  by  the  KOH.  The  lead  being  thus  de- 
prived 01  the  normal  quantity  of  chromic  acid,  a  basic  com- 
pound, phoenicochroite,  is  formed. 

On  reflection  it  seemed  that  it  might  be  possible  to  obtain 
each  of  these  minerals  alone  instead  of  in  mixture  as  above. 

By  using  a  large  excess  of  very  strong  solution  of  KOH, 
plut'nicochroite  only  was  fonned,  or  rather  only  very  little 
crocoite.  When  on  the  contrary  much  PbCrO^  is  dissolved 
and  in  addition  K^CrO,  is  added  to  the  KOH  solution,  crocoite 
alone  is  formed.  I  need  not  enter  upon  an  explanation  of 
these  phenomena  iis  they  are  almost  self-evident.  I  shall  now 
briefly  describe  the  minerals  obtained. 

The  PhCVC),  crystals  are  oblique  rhombic  prisms  with  many 
nioditicatiuns.  Tlie  fracture  is  uncertain:  luster  adamantine: 
color  hyacinth-red.  Thev  are  stable  in  the  air.  The  phcenico- 
chroite  crystals  are  tabular,  of  resinous  luster,  of  cochineal 
color  and  appear  to  be  orthorhonibic.  They,  like  the  natural 
crystals  have  but  little  stability  and  soon  change  to  a  light  yel- 
k>w  ]>o\V(lcr  on  exposure. 

At  JkM-esowsk,  crocoite  and  phoenicochroite  are  associated- 
It  is  not  inipossii)le  that  thev  were  formed  also  bv  the  action 
of  the  carbon  dioxide  of  the  air  upon  an  alkaline  solution  ox 
J^bCrO^,  as  in  my  first  experiment. 

*  Amor,  Choin.  Journ..  vol.  xiii,  p.  120. 
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Art.  VIII. — A  Hint  with  respect  to  the  Origin  of  Terraces 
in  Glaciated  Regions ;  by  Ralph  S.  Tarr. 

The  exact  metliod  of  formation  of  terraces  in  rivers  flooded 
by  the  melting  of  the  ice  sheet,  such  rivers  for.  instance  as  the 
Connecticut,  does  not  appear  to  be  definitely  agreed  upon  by 
geologists.     By  some  they  are  supposed  to  mark  recent  erosion 
in   a  drift-filled  valley.     That  is,  the  supposition  is  that  the 
glacially  fed  rivers  were  overloaded  and  actually  built  up  their 
beds  to  the  height  of  the  higher  terraces,  and  in  this  exten- 
sive deposit  the  present  terraced  valley  has  been  carved.     The 
other  important  theory  is  that  the  terraces  mark  high  stages  of 
floods — tnat  they  are  flood  plains  at  various  stages  of  flooding. 
It  is  not  my  purpose  to  enter  into  the  subject  in  a  critical 
manner  and  state  the  reasons  pro  and  con  which  have  been 
advanced  by  the  advocates  of  these  theories,  but,  rather,  to 
record  some  observations  in  an  entirely  different  region  where 
the  terraces  of  glaciated  regions  are  being  imitated,  and  where 
the  general  conditions  are  quite  similar  to  those  attending  the 
formation  of  the  terraces  in  glacial  regions,  as  I  understand 
those  conditions.      I  refer  to  the  valley  of  the  Colorado  in 
Central  Texas. 

The  river  is  here  superimposed  upon  a  hard  Silurian  barrier 
which  is  effectually  retarding  its  downcutting  although  the 
river  is  still  well  above  base  level.     One  of  the  effects  of  this 
retardation  of  development  on  the  region  upstream  from  the 
barrier  is  that  a  temporary  base  level  is  produced  and  the  Colo- 
rado itself  and  the  side  stream  are  for  a  certain  distance  actu- 
ally building  up  their  beds.     The  effect  of  the  barrier  is  thus 
felt  fur  forty  or  fifty  miles ;  but  above  this,  the  flow  is  rapid 
and  the   river   is   degrading   its   channel.     Along  the  entire 
course  the  side  streams  are  rapidly  at  work,  and  from  these 
two  sources  much  sediment  is  being  furnished.     Owing  to  the 
many  soft  beds  of    Cretaceous,   Permian    and    Carboniferous 
through  which  these  streams  are  flowing  the  amount  of  sedi- 
ment supply  is  very  great. 

Another  point  of  importance  in  this  connection  is  the  pecu- 
liarity of  rainfall.     The  immediate  region  is  sub-humid,  the 
extreme  head  waters  are  in  a  truly  arid  region.     Consequently, 
the  water  supply,  during  a  great  part  of  the  year,  is  small  in 
amount ;  but  iieavy  rains,  wliich  are  of    annual  occurrence, 
!    Md  often  of  greater  frequency,  bring  to  the  river  vast  floods 
I    of  water  which  the  ordinary  channel  is  totally  unable  to  hold. 
I    Almost  the  entire  rainfall  has  to  be  carried  off ;  for  the  barren 
I   soil  holds  but  little,  and  the  violence  of  the  rain  speedily  forms 
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it  into  rills  and  rivulets  even  where  no  drainage  lines  previ- 
ously existed.  While  this  is  written  chiefly  with  reference  to 
the  arid  headwaters  it  applies  almost  equally  to  all  the  streams, 
even  those  in  the  sub-huniid  belt.  These  tributaries  during 
the  greater  part  of  the  year  consist  of  a  few  pools,  often  iso- 
lated, sometimes  connected  by  a  slowly  trickling  stream.  These 
pools  are  enclosed  commonly  in  l)ars  or  delta  bars  in  the  stream 
channel,  formed  during  flood  times,  and  the  violence  of  these 
floods  is  attested  by  the  presence  of  drift  wood  lodged  in 
the  pecan  trees  many  feet  above  the  low  water  stage  of  the 
stream.  In  the  Colorado  these  are  sometimes  at  an  elevation 
of  fifty  feet  above  the  low  water  surface. 

If  I  am  not  mistaken,  we  have  here  all  the  essential  condi- 
tions which  were  present  at  the  time  of  the  formation  of  the 
terrace  deposits  at  the  close  of  the  Glacial  period.  There  is  a 
slope  so  moderate  that  the  excessive  sediment  load  cannot  be 
transported,  and  the  greatest  excess  of  sediment  comes  at  times 
of  great  flood,  for  the  sudden  downpour  of  water  upon  the  arid 
plains  carries  along  to  the  streams  a  vast  bulk  of  sediment 
There  are,  owing  to  the  peculiarities  of  rainfall,  periods  of 
extreme  high  water  and  of  extreme  low  water,  and  also  occa- 
sional irregular  periods  of  moderate  rise.  In  the  glacial 
regions  the  south-flowine:  stream  had  a  moderate  slope,  proba- 
bly less  sloj)e  than  at  present.  Vast  quantities  of  sediment 
were  furnished  not  alone  by  the  supply  from  the  ice  itself  but 
also  from  the  beatintr  of  the  rains  and  the  washinor  action  of 
the  melting  snows  upon  the  barren  soil  recently  uncovered 
from  Imneath  the  ice  and  as  vet  unclothed  bv  vegetation.  In 
the  summer,  excessive  floods  must  have  been  furnished  bv  the 
meltiui!:  of  the  ice;  in  the  winter  the  water  flow  was  at  a 
minimum  ;  and  in  the  spring  and  autumn,  when  the  melting 
was  moderate  and  somewliat  spasmodic,  floods  of  medium 
heiijht  occurred. 

The  parallel  of  conditions  seems  ahnost  exact ;  let  us  see  ho\r 
the  results  coincide.  In  the  Colorado  the  great  floods  rise 
forty  and  titty  feet  and  sjn'ead  out  over  broad  flood-])lains  on 
either  sidi',  and  these  flood  plains  are  of  fine  silt,  well  strati- 
fied. This  is  the  up})er  flood-plain  terrace.  In  this  tlood- 
plain  a  broad  cliannel  is  earved,  which,  in  moderate  floods,  i^ 
either  i)artlv  or  coni])letelv  filled  bv  the  water.  It  is  however 
a  double  cliannel,  for  in  it,  either  on  one  side  or  on  the  other, 
or  even  in  the  middle,  there  is  a  smaller  channel  about  half  its 
width  and  this  is  the  ordinarv  channel, — the  one  in  which 
water  is  always  to  be  found.  So,  rising  from  this  inner  chan- 
nel, one  conies  to  a  terrace  which  is  formed  bv  the  moderate 
rioods  and  which  is  always  present  on  one  side,  sometimes  on 
both.     It  is  in  general  more  sandy  than   the  other  or  upper 
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errace  first  mentioned,  which  is  reached  by  a  steep  ascent  of 
fteen  or  twenty  feet. 

Nor  are  these  two  terraces  the  only  ones.  Above  the  upper 
ood  plain  terrace  is  a  third  or  still  higher  one  which  is  much 
58S  distinct  and  more  irregular  and  coarser  in  composition.  It 
>  formed  by  the  wash  of  material  from  the  bordering  hill-side 
nd  the  detritus  brought  in  by  the  side  streams.  This,  in  the 
ase  of  exceptionally  nigh  floods,  is  partly  worked  over  so  as 
3  form  an  indistinct  upper  terrace. 

I  ask  any  student  of  the  subject  if  this  is  not  a  description 
rhich  would  apply  almost  equally  well  to  terraces  in  glacial 
egions.  As  I  know  the  terraces  of  the  Connecticut,  there  are 
ne  or  two  lower  terraces  sometimes  present  on  one,  sometimes 
n  both  sides  of  the  river.  Above  these  is  a  higher,  broader, 
lood  plain  terrace,  often  of  great  breadth,  and  frequently  ex- 
ending  over  low  divides, — ^just  such  a  terrace  as  would  be 
xpected  from  a  great  flood  which  the  ordinary  river  was 
beolutely  unable  to  take  care  of.  Still  above  this  is  an  upper 
errace,  irregular  in  distribution,  and  in  form,  often  of  a  coarse 
lature,  and  particularly  so  below  the  mouths  of  side  streams 
fhere  it  is  delta-like  in  form.  This  is  a  terrace  comparable,  on 
I  larger  and  more  perfectly  developed  scale,  with  the  upper- 
most terrace  of  similar  origin  in  the  Colorado. 

When  I  saw  the  terraces  of  the  Colorado  two  years  ago  I 

was  immediately  impressed  with  the  resemblance  to  the  terraces 

of  the  Connecticut  both  in  form  and  in  cause,  the  difference 

being  only  in  the  source  of  the  floods.     Later  I  have  examined 

the  Connecticut  terraces  in  Massachusetts  with  this  resemblance 

in  mind  and  it  is  so  striking  that  I  desire  to  put  it  on  record, 

and  to  call  attention  to  the  fact  that  terraces  are  being  formed 

on  a  smaller  though  not  by  any  means  an   insignificant  scale, 

which  imitate  the  terraces  of  glacial  regions  in  form  and  in 

general  cause.     In  the  one  case  the  floods  and  sediment  supply 

arise  chiefly  from  the  climatic  accident  of  desiccation,  while  in 

the  other  they  are  the  result  of  glacial  accident.     Otherwise 

the  resemblance  seems  to  be  quite  perfect. 
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Art.  IX. — On  the  Occurrence  of  a  Quartz  Bowlder  in  the 
iSh<iro7i  Coal  of  Northeastern  Ohio  ;  by  Edward  Orton*. 

It  is  well  known  that  bowlders,  ranging  in  size  from  a  few 
cubic  inches  to  several  cubic  feet,  are  occasionally  met  with  in 
coal  seams,  buried  partially  or  entirely  in  the  substance  of  the 
coal.  Facts  of  this  sort  have  been  reported  both  in  this  coautry 
and  in  England.  The  State  of  Ohio  has  furnished  the  laigest 
number,  if  not  all,  of  the  cases  reported  in  this  country.  In 
England,  Mark  Stirrup,  Esq.,  Hon.  Secretary  of  the  Manchester 
Geological  Society,  has  reported  in  the  Transactions  of  this 
Society  a  number  of  such  occurrences,  all  derived  from  mines 
in  the  neighborhood  of  Manchester. 

The  Ohio  examples  that  have  been  hitherto  put  on  record 
are  without  exception,  so  far  as  my  observation  goes,  composed 
of  gray  quartzite,  presenting  the  appearance  of  pretty  thor- 
oughly metamorphosed  sanostones.  By  correspondence  and 
comparison  of  specimens  with  Mr.  Stirrup,  I  learn  that  the 
English  bowlders  of  the  coal  agree  very  closely  with  ours  in 
composition  and  general  character. 

All  of  these  bowlders  are  well  rounded  and  some  that  I  have 
seen  show  remarkably  smooth  surfaces  which  suggest  the  pol- 
ish due  to  glacier  action  rather  than  the  abrading  agency  of 
water  in  motion.  They  are  always  partially  covered  with 
closelv  adherin«]^  coal,  wliieli  shows  more  or  less  of  the  striated 
structure  known  as  dickens Uleti. 

The  Ohio  bowlders  liave  all  been  derived  from  a  single  coal 
seam,  viz :  the  Middle  Kittanning  seam  of  our  scale,  and  thus 
far,  onlv  from  the  western  boundarv  of  this  seam,  in  Perrvand 
Vinton    counties.      Furthermore,  a  single   mine   in    the  last 
named  county,  viz :  the  main  mine  at  ^aleski,  has  furnished 
thus  far  all  tlie  specimens.     According  to  the  testimony  of  the 
snperintondent   and   miners,    scores  of   these    bowlders    have 
somt'tiinos    been    found   in   working  out  a  single  room.    The 
first  oxjuni>!e  in  Ohio   was  recorded   by  the  late  Prof.  E.  B. 
Andrews  (Geol.   Survey  of  Ohio,  Kept,  of  Progress,  1870,  p. 
7s.)     This  l)(»\vl(ler  eaine  from  the  mine  named  above. 

1))'  far  the  laricest  of  this  class  of  bowldei-s  thus  far  known 
was  found  buried  in  tlie  coal  of  the  same  seams  at  Shawuee, 
Perry  (\>..  in  ls7«».  The  seam  was  normal  above  it  and  also 
below.  The  weii^ht  of  tlii>  bowlder  is  not  less  than  400  lbs. 
It  i>  ]>reserve(l  in  the  irooloi::ical  museum  of  the  State  Cni- 
versify  at  (  \»lu!nbu>. 

A  new  example  of  tliese  bowlders  of  the  coal  has  lately  been 
brought  to  light  that  dilfers  so  much   from  the  examples  pre- 
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usly  reported  that  it  deserves  brief  mention.  It  was  found 
the  Marshall  Mine  of  Mineral  Ridge,  Mahoning  county,  by 
'.  F.  C.  Goff,  of  Cleveland,  who  is  extensively  engaged  in 
Qing  and  shipping  coal,  and  it  was  removed  from  its  bed  by 

own  hands.  The  thickness  of  the  coal  seam  is  three  feet 
i  the  bowlder  lay  two  feet  below  the  top.     The  seam  was 

no  wise  disturbed  in  its  structure  by  the  presence  of  the 
wider.  The  weight  of  the  block  in  its  present  condition, 
«r  the  removal  of  a  few  small  fragments,  is  10  lbs.  10  oz. 
measures  about  eight  inches  in  its  longest  dimension.  The 
d  is  very  closely  welded  to  it  over  part  of  its  surface  and  it 
aws  the  usual  sliche^iaided  appearance. 
The  noteworthy  points  in  regard  to  this  bowlder  are  the 
llowing,  viz :  (1)  It  is  the  first  so  far  as  I  know  that  has 
en  reported  from  this  coal  seam,  viz :  the  Sharon  Seam  or 
e  lowest  coal  of  the  Conglomerate  Coal  Measures  of  Penneyl- 
nia  and  Ohio.  (2)  It  is  not  a  metamorphic  sandstone  or 
lartzite,  like  those  previously  named,  but  is  an  excellent  ex- 
iple  of  vein  quartz.  (3)  It  has  not  been  worn  or  shaped  in 
y  way  by  either  water  or  glacial  action,  but  is  angular  as  if 
Bshly  broken  from  the  parent  mass. 

No  full  and  satisfactory  explanation  of  this  line  of  facts  has 
t  been  advanced.     The  quartzite  above  named  could  perhaps 

accounted  for  without  referring  them  in  origin  to  the  meta- 
orphic  rocks  of  the  older  regions  of  the  continent.     May  not 

ordinary  sandstone  pebble  or  bowlder  of  the  Coal  Measures 
ive  been  converted  into  a  quartzite  by  the  solution  of  a  por- 
)n  of  its  silica  through  the  agency  of  the  organic  acids  that 
companied  the  formation  of  coal.  But  like  the  white  quartz 
jbbles  of  the  great  Sharon  Conglomerate  that  underlies  this 
yal  seam,  the  bowlder  here  described  must  be  referred  to  the 
idges  of  the  eastern  or  northern  mountain  borders  of  the 
ontinent  as  it  then  existed.  The  pebbles  of  the  conglomer- 
te  never  exceed  a  few  ounces  in  weight  and  their  rounded 
orms  and  smooth  surfaces  bear  witness  to  an  immense  amount 
rf  abrasion  before  they  reached  their  present  resting  places ; 
out  the  bowlder  in  question,  with  its  weight  of  11  lbs.  and  its 
sharp  and  unworn  edges  and  with  its  anomalous  location,  cer- 
tainly shows  a  very  different  history. 

Columbus,  Ohio,  May  13th,  1892. 
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Art.  X. — A  Method  of  Increasing  the  Range  of  the  CapU- 
lary  Electrometer ;  by  JoHX  Whitmore. 

[Contributions  from  the  Sloane  Physical  Laboratory  of  Yale  College.] 

The  value  of  the  capillary  electrometer  as  an  instrument  of 
scientific  research  is  now  generally  recognized,  and  its  applica- 
tions are  becoming  more  numerous,  botli  as  an  extremely  deli- 
cate test  for  small  electromotive  forces  and  also,  as  recentl? 
pointed  out  by  Burch,*  as  a  means  of  studying  variations  of 
differences  of  potential.  In  view  of  these  facts  it  is  desirable 
that  the  range  of  this  instrument  be  increased. 

The  characteristic  curve  of  Lippmann's  electrometer  is 
slightly  different  from  a  straight  line  for  electromotive  forc« 
from  0  00  to  0*45  volt,  and  consequently  the  instrument  is 
most  applicable  to  the  measurement  of  potential-differences 
not  exceeding  050  volt,  although  the  direct  measurements  may 
be  carried  to  about  100  volt,  since  1*20  volts  are  required  to 
produce  continuous  electrolysis  in  the  instrument.  The  follow- 
ing experiments  were  undertaken  in  order  to  determine,  if  the 
range  of  the  electrometer  could  be  increased  by  arranging  cells 
in  series. 

If  a  capillary  tube  is  filled  with  alternate  globules  of  mercury 
and  dilute  sulphuric  acid,  the  difference  of  potential  which  can 
be  maintained  between  the  extremities  of  the  series  increases 
proportionally  with  the  number  of  globules  of  mercury.  Thus 
with  three  globules,  this  difference  of  potential  is  about  three 
volts.  If  the  terminals  of  the  apparatus  are  connected  with 
the  poles  of  a  battery,  the  globules  immediately  begin  to  move 
along  the  tube,  and  the  motion  continues  until  the  opposing 
force  produced  by  the  polarization  of  the  globules  of  merenrr 
causes  the  electric  current  to  cease.  The  extent  of  the  move- 
ment of  the  globules  increases  with  the  electromotive  force. 

Since  the  end  of  each  of  the   "globules  nearer  the  neojative 
)ole  of  the  syt^tem,  receives  oxygen  polarization  and  the  other 
lydrogen    ])olarization,  one  surface  of  the   mercury  is  speedily 
oxidized.      Such    an    oxidation  causes  the  movement  of  the 
globules  to  l>econie  irregular,  and  prevents  an  accurate  me:isure 
nient  of  electromotive  force.     In  Lippmann's  electrometer,  the 
surface  of  the  mercury,  which  receives  oxygen  polarization,  i« 
about  ten  thousand  times  greater  than  that  upon  which  hydro- 
gen is  jiccuinulatod,  and  by  this  means  the  surface  density  of 
the  oxvo^en  is  diminished  in  the  same  ratio,  and  hence  also  the 
oxidation  is  decreased. 

In  order,  therefore,  to  obtain  a  similar  relation  between  the 
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sorfaces  of  the  mercury,  thistle  tubes  of  the  following  descrip- 
tion were  prepared.  The'larger  part,  by  the  head  of  the  thistle, 
bad  a  diameter  of  about  two  centimeters,  while  the  stem  had 
\  capillary  bore  of  0*6  millimeter.  The  tubes  were  so  bent, 
that  each  was  U-shaped.  The  lower  portion  of  the  tubes  was 
filled  with  pure  mercury,  and  the  upper  part  with  dilute  sul- 
phuric acid.  The  electric  connections  were  so  made,  that  the 
larger  surfaces  of  the  mercury  received  oxygen  polarization. 

By  reason  of  the  described  arrangement,  a  difference  of 
potential  between  the  terminals  of  a  cell  causes  the  mercury 
column  in  the  vertical  portion  of  the  capillary  tube  to  descend, 
and  this  depression  is  easily  measured.  Hence  cells  thus  con- 
structed may  be  used  singly  as  electrometers ;  and  when  joined 
in  series,  they  form  a  convenient  apparatus  for  the  proposed 
investigation. 

As  a  means  of  obtaining  any  desired  fraction  of  the  electro- 
motive force  of  a  Daniell  cell,  a  standard  box  of  high  resist- 
ances and  a  few  Daniell  cells  were  arranged  in  series.     Then 
the  terminals  of  the  electrometer  were  connected  by  movable 
contact  pieces  to  the  resistance  box  so  that,  as  different  resist- 
ances were  inserted  between  the  contact  pieces,  the  electro- 
.  motive  force  to  which  the  electrometer  was  subjected  was  pro- 
portionally varied.     During  the  course  of  the  investigation, 
curves  showing  the  relation  between   the  deflection   and  the 
electromotive  force  were  carefully  drawn. 

When  two  electrometer-cells  of  the  form  already  described, 
were  placed  in  series,  the  curve  deviated  but  slightly  from  a 
straigut  line  for  electromotive  forces  from  0*0  to  0*9  volt. 
However  as  the  electromotive  force  is  made  to  exceed  this,  the 
deflections  increase  more  slowly,  and  the  entire  curve  when  plot- 
ted was  found  to  be  of  the  well  known  form  described  by  Lipp- 
mann.  It  is  to  be  noted,  however,  if  curves  be  drawn  for  a 
angle  cell  and  for  two  cells  in  series,  that  although  the  curves 
have  the  same  form,  the  electromotive  forces  correspond- 
ing to  any  portion  of  the  second  curve  are  twice  as  great  as 
those  of  the  similar  portion  of  the  first  curve.  With  three 
cells  in  series,  the  curve  did  not  depart  greatly  from  a  straight 
•  line,  until  the  difference  of  potential  was  about  1*35  volts,  then 
the  curve  rapidly  flattened  and  reached  its  maximum  at  about 
2-7  volts. 

These  experiments  show  that  the  electromotive  force  is  cut 
down  bv  each  additional  cell,  and  hence  that  a  series-electrom- 
cter  may  be  thus  constructed,  which  will  conveniently  meas- 
pre  the  electromotive  force  of  the  single  cells  ordinarily  used 
in  the  laboratory. 

In  order  to  discover  how  the  total  electromotive  force,   to 
Irhich  the  electrometer  is  subjected,  divides  itself  among  the 
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several  cells,  the  difference  of  potential  at  the  terminals  of 
each  of  the  three  cells  of  a  series  was  measnred  by  means  of 
Thomson's  quadrant  electrometer.  It  was  thus  observed  that 
the  potential  fell  regularly  along  the  series  for  the  lower  elec- 
tromotive forces.  For  example,  when  the  total  difference  of 
potential  was  01)  volt,  at  the  terminals  of  the  tirst  cell  it  was  0*3, 
and  between  the  first  and  second  0*6  volt  The  distribution  of 
the  potential  among  the  different  cells  was  less  uniform  after 
a  total  electromotive  force  of  1*2  volts  was  exceeded.  This 
was  possibly  due  to  electrolytic  conduction  which  occurred  in 
the  apparatus.  Moreover  the  caliber  of  each  of  the  capillary 
tubes  was  not  exactly  uniform  throughout  the  entire  length  of 
the  tube.  Thus,  these  measurements  clearly  indicate,  that 
with  precisely  similar  cells,  the  fall  of  potential  in  each  cell  of 
the  series  is  the  same. 

It  was  next  sought  to  put  the  apparatus  in  a  convenient 
form.  Since  it  seemed  desirable  to  dispense  with  the  use  of 
the  cathetometer  in  reading  the  deflections  of  the  mercury 
columns  in  order  that  the  reading  might  be  obtained  more 
quickly,  experiments  were  made  with  cells  in  which  a  small 
electromotive  force  produced  a  large  deflection  of  the  mercory 
columns.  This  is  notably  the  case  in  the  electrometer  used  by 
Pratt,*  in  which  the  capillary  tube  is  placed  nearly  horizontal 
and  its  inclination,  and  hence  also  the  sensitiveness  of  the 
instrument,  can  be  varied  at  will.  Thus  the  mercury  column 
can  be  caused  to  move  over  a  space  of  a  centimeter  for  a  dif- 
ference of  potential  of  0*1  volt,  and  hence  a  deflection  corre- 
sponding to  a  thousandth  of  a  volt  can  be  easily  read  directly 
on  a  scale  placed  behind  the  moving  column. 

Accordingly  three  cells  of  this  form  were  joined  in  series 
and  a  difference  of  potential  was  maintained  between  the  tlr- 
minals  of  the  series.  It  was  found,  however,  that  verv  often, 
when  the  electromotive  force  was  applied,  the  mercury  col- 
umns of  the  three  cells,  instead  of  moving  together  in  one 
direction  until  the  positions  of  eciuilibrium  were  reached,  began 
a  remarkable  seesawintc,  the  mercury  column  of  one  cell  ad- 
vancing  while  those  of  the  other  cells  retreated.  This  balanc- 
ing con  till  U(m1  through  a  considerable  interval  of  time,  since, 
as  the  positions  of  ecjuilibrium  were  a])|)roaelied  the  vibratious 
were  vurv  slow.  Moreover  a  given  electromotive  force  at 
different  times  caused  the  mercury  columns  of  the  several  cells 
to  arrange  themselves  differently,  so  that  no  measurement  of  | 
electromotive  force  could  l)e  made  ])y  observing  a  single  cell 
of  the  series.  However,  when  simultaneous  readings  of  the 
three  cells  were  made,  and  the  curves  drawn,  though  these 
curves  were  irregular  in  form,  yet  the  mean  of  the  three  curves 
was  of  the  normal  type. 

*  This  Journal,  vol  xxxv,  1 889. 
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t  was  learned  by  means  of  a  series  of  experiments  that 
I  irregular  niopement  was  in  great  measure  canged  by  a  dif- 
ence  m  the  capacity  and  seneittvenees  of  tite  different  cell?, 
r  when  cells  of  the  same  capacity  wera  adjusted  to  the  same 
isitiveness  and  joined  in  genes,  the  columns  moved  together 
iioiit  seesawing.  The  difficulty  of  preparing  cells  of  pre- 
sly  the  same  capacity  and  of  adjusting  them  to  the  same 
isitivenesB  is  a  serious  objection  to  the  employment  of  cells 

this  kind.  Hence  the  electrometer  comjMsed  of  cells  in 
lich  the  movement  of  the  mercury  columns  takes  place  in  a 
rtieal  tube  seemed  on  the  whole  more  advantageous. 
Several  different  forms  were  tried.  One  arrangement  con- 
ted  of  three  conical  tubes  each  drawn  to  a  very  fine  l>ore. 
lese  were  placed  one  above  the  other  the  capillary  etem  of 
jh  containing  mercury  and  dipping  into  the  acid  of  the  next 
per  cell.  The  electrometer  in  this  form  is  somewhat  diffi- 
tt  to  fill,  and  its  action  uncertain,  owing  to  the  formation- 
bubbles  of  gas  in  the  capillary  tubes. 

To  cause  the  movement  of  the  mercury  in  all  the  cells  to  be 
anltaneouB,  and  of  the  same  extent,  as  well  ;i.s  to  secure 
mpactuess  and  better  insulation,  the  form,  represented  in 
;.  1,  was  finally  adopted. 

A  series  of  bulbs  was  blown,  spaced  at  equal  intervals  along 
apillary  tube,  the  diameter  of  the  bulbs  being  two  centime- 
rs,  that  of  the  tube  Oti  of 

millimeter.  Then  the 
be  was  so  bent,  that  the 
liole  contained  as  many  U- 
ape<l  parts  as  there  were 
lis.  One  arm  of  each  U 
u  provided  with  a  bulb 
hicn  was  situated  at  a  AU- 
in c e  of  two- thirds  the 
eight  of  the  U  from  the 
ise.       The   apparatus    was 

ttily  filled  by  connecting  it  with  an  aspirator  and  drawing 
[Sufficient  pure  mercury  to  half  fill  each  bulb.  Then  by  the 
ime  means  ailnte  sulphuric  acid  was  added  until  the  capillary 
ibes  and  the  upper  portion  of  the  Dnlbs  were  filled  and  alt  air 
abblea  excluded.  Previous  to  the  tilling  of  tire  instrument,  a 
ilntion  of  pure  sulphuric  acid  and  distilled  water,  c<msisting  of 
Jnr  volumes  of  water  to  one  of  acid,  was  prepared,  and  allowed 
s  stand  until  alt  the  bubbles  of  gas  formed  by  the  mixture  had 
isappeared.  This  was  afterwards  diluted,  if  necessary,  with 
listilled  water  to  the  proper  proportion. 

The  operation  of  filling  the  electrometer  was  greatly  facili- 
»ted  by  having  the  tube  which  entered  the  upper  part  of  the 
Iwtbulh  of  the  series  of  much  greater  caliber  than  that  of  the 
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others.  In  the  iustrument  which  was  used,  this  tube  had  a 
diameter  of  about  a  centimeter,  and  its  extremity  was  curved 
so  that  the  terminal  portion  was  at  right  angles  to  the  vertical 
portion.  Platinum  wires  were  used  as  electrodes  in  the  usual 
manner. 

As  Lippmann  has  noted,  the  electrometer  acquires  a  charge 
during  the  operation  of  filling,  and  therefore  the  instrument 
should  be  short-circuited  for  an  hour  or  more  before  using  so 
that  the  charge  may  be  wholly  dissipated,  and  the  mercury  col- 
umns stand  at  their  true  zero  position.  After  the  instrument 
had  been  filled  in  the  manner  above  described,  it  was  firmly 
mounted  and  placed  on  a  pier  before  the  cathetometer.  Then 
the  curve  showing  the  relation  between  the  deflections  was 
constructed.  Thus  the  deflections  of  the  mercury  column  for 
electromotive  forces  varying  from  zero  to  that  of  three  Daniell 
cells  were  observed  on  the  cathetometer  scale  in  hundredths  of 
a  millimeter,  the  readings  being  taken  for  electromotive  forces 
differing  from  each  other  by  01  of  that  of  a  Daniell  cell. 

From  this  curve  the  absolute  value  of  the  electromotiFe 
force  corresponding  to  any  deflection  can  be  determined  bj 
taking  the  deflection  produced  by  a  standard  Clark  cell  as  t 
means  of  comparison.  For  example,  it  was  found  that  the 
electromotive  force  of  the  Clark  standard  was  1'360  times 
that  of  a  Daniell  cell,  and  hence  the  electromotive  force  of 
the  Daniell  cell  was  1-051  volts.  Accordingly,  when  the 
curve,  or  empirical  graduation  of  the  instrument  has  been 
made,  the  voltage  of  other  cells  can  be  obtained  immediately 
and  with  great  facility.  The  curve  gives  directly  the  value  of 
the  cell  in  terms  of  the  Daniell  cell,  and  hence  as  shown  above, 
the  absolute  value  of  the  Daniell  cell  having  been  determined, 
that  of  the  cell  which  was  to  be  measured,  is  calculated  by 
simple  proportion. 

It  is  noteworthy,  that  not  only  is  this  electrometer  valuable  \ 
as  a  means  of  quickly  comparing  low  electromotive  forces,  bnt 
that  a  high  degree  of  accuracy  is  attainable  in  this  comparison. 
Thus  a  number  of  cells,  which  had  been  standing  in  the  labo- 
ratory were  measured  with  the  capillary  electrometer  and 
immediately  afterward  the  absolute  vahies  found  by  the  com- 
e  n  s  a  t  i  o  n     method. 
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his  method  of  meas- 
urement is  shown  in  the 
annexed  diagram,  fig.  2. 
Thomson's  electric  bal- 
ance gave  the  value  of 
the  strength  of  current. 
The  followini^  table 
exhibits  the  results  of 
the  measurements. 
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G,  Galvanometer.     R,  R.  ResistaDce  BozeL 
C,  Cell  tested.  K,  Key. 
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Thomson's  Balance  Capillary 

Cell.  Method.  electrometer. 

Silver  Chloride 1-020  volt8.  1-025  volts. 

Dry  Cell ...1-446     ''  1-440      " 

Leclanch^ 1-453     "  1-468      ** 

Daniell ..1-076     "  1-081      " 

The  deflection  produced  by  the  Daniell  cell  was  2*59'''™  while 
Jie  standard  Clark  cell  moved  the  mercury  column  3-20""". 

Thus  it  is  seen,  that  even  with  a  cathetometer  reading  only 
to  hundredths  of  a  millimeter  and  having  a  telescope  of  low 
magnifying  power,  values  correct  to  one-half  of  one  per  cent 
may  be  obtained. 

The  mercury  columns  of  the  electrometer  move  almost 
instantaneously  to  the  position  of  equilibrium,  and  the  exact- 
ness with  which  measurements  may  be  made  depends  chiefly 
upon  the  magnifying  power  of  the  telescope  of  the  cathetom- 
eter, and  the  precision  with  which  its  scale  is  graduated.  It 
is  doubtless  possible  to  determine  with  this  electrometer,  the 
electromotive  force  of  a  cell  correctly  to  0  001  of  a  volt. 

The  accuracy  with  which  measurements  may  be  made  may 
be  increased  somewhat  by  increasing  the  number  of  cells  which 
are  used  in  series.  When  four  cells  are  employed  the  part  of 
the  curve  corresponding  to  electromotive  forces,  which  are  in 
the  neighborhood  of  1*6  volts,  is  very  nearly  a  straight  line, 
and  the  curve  ascends  more  rapidly  than  that  characteristic  of 
three  cells.  Hence  a  change  in  the  deflection  produced  by  a 
imall  variation  in  the  electromotive  force  is  more  readily  ob- 
•erved. 

There  is  another  advantage  in  using  more  cells  than  seem  to 
^  he  absolutely  necessary.  If  the  electrometer  is  used  repeatedly 
to  measure  electromotive  forces  which  are  nearly  equal  to  that 
which  produces  continuous  electrolysis,  the  curve  of  the  instru- 
paent  is  less  constant  from  day  to  day,  so  that  if  great  accuracy 
is  wished  for  the  curve  should  be  redetermined. 

If  after  long  continued  use  it  becomes  desirable  to  refill  the 
instrument,  it  is  easily  accomplished ;  since  ordinarily  the 
mercury  need  not  be  replaced,  but  can  be  sufliciently  cleansed 
kv  drawing  some  acid  of  the  standard  solution  through  the 
Electrometer  by  the  aid  of  the  aspirator. 

The  results  of  this  investigation  may  be  briefly  stated  as 
follows:  The  arrangement  of  capillary  cells  in  series  does  not 
^ter  essentially  their  behavior,  when  they  are  subjected  to  an 
electromotive  foice.  Hence,  in  each  cell  of  a  series  of  like 
^Ils,  the  fall  of  potential  is  the  same.  Moreover,  when  a  cur- 
^ni  of  electricity  passes  through  this  apparatus,  the  displace- 
t^ient  of  the  mercury  columns  varies  with  the  electromotive 
^>roe,  according  to  the  same  law  as  in  a  single  cell,  so  that  the 
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curve  showing  the  relation  between  the  deflections  and 
electromotive  force  for  any  cell  of  the  series  is  of  the 
known  form.  Accordingly,  by  means  of  cells  of  proper 
struction,  a  simple  and  accurate  series-electrometer  ma 
made ;  such,  also,  that  its  range  may  be  increased  b}'  incre 
the  number  of  component  cells. 

These  experiments  were  made  in  the  Sloane  Laborato 
Tale  College,  at  the  suggestion  and  under  the  directio 
Prof.  A.  W .  Wright,  to  whom  I  express  my  thanks,  fo 
assistance  and  kindly  encouragement. 

June  1,  1892. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Ltiminositi/  of  Coal  Gas  Flames. — An  inveslig 
has  recently  been  made  by  Lewes  as  to  the  causes  of  the  In 
osity  in  the  flame  of  ordinary  coal  gas  Previous  researches 
proved  beyond  question  the  presence  of  solid  particles  in  a  li 
ous  flame  ;  leaving  the  mode  of  decomposition  by  which  the 
set  free,  for  subsequent  determination.  Figures,  obtained  b 
analysis  of  the  flame  gases  taken  at  different  heights,  show 
the  hydrogen  in  the  gas  burns  first,  and  that  the  saturated  b 
carbons  also  undergo  a  rapid  decrease  in  quantity  ;  while 
unsaturated  hydrocarbons  diminish  only  very  slowly  unti 
top  of  the  inner  non-luminous  zone  has  l)ecn  reached,  after  \ 
they  quickly  disaj)pear.  Carbon  monoxide  also  increases  la 
up  to  the  top  of  the  luminous  cone.  Evidently  this  slow  dec 
of  the  unsaturated  hydrocarbons  in  tlie  inner  zone  suggests 
the  luminosity  is  due  to  these  compounds,  and  especially  to 
ylene.  P^xjjcriment  showed  that  in  the  interior  of  the  lum 
flame  the  hydrocarbons  begin  at  once  to  undergo  decompo 
giving  rise  to  acetylene  which  constitutes  over  70  per  cent  o 
unsaturated  hydrocarbons  present  at  the  toj)  of  the  inner 
luminous  zone.  Hy  means  of  a  thermo  cou])le  it  was  found 
in  a  flat  flame  consuming  T  cu.  ft.  of  <^as  ])er  hour,  the  temper 
at  a  half  inch  from  the  burner  was  500^  and  at  the  commence 
of  luminosity  at  the  apex  1207";  while  that  at  the  cente 
1014"  rising  to  1210°  at  the  luminous  e<lges.  In  the  center  i 
luminous  ])ortion  the  tem])erature  was  1160°,  while  at  the  t 
the  flame  it  was  a  maximum  180)S°.  Evidently  then  in  the 
non-luminous  zone,  the  liydrocarbons  heated  up  by  the  cui 
tion  of  the  hydroi^en  and  some  of  tiie  methane,  undergo  ct 
chanj'es  which  result  in  their  conversion  into  acetvlene ;  an< 
being  an  endothermic  compound,  breaks  up  when  a  sufl^ 
temperature  is  attained.     Owing  however  to  the  diluting  r 
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»f  the  nitrogen  and  other  flame  gases  this  does  not  take  place 
mtil  the  top  of  the  non-luminous  zone  is  reached,  where  at  a  tern- 
>eraturc  of  a  little  over  1000**  the  decomposition  occurs  with  an 
ncrease  of  temperature,  and  the  liberated  carbon,  being  heated  to 
ncandescence,  gives  the  luminosity  to  the  flame.  The  author 
livides  the  flame  into  three  zones.  In  the  inner  zone  the  tempera- 
ure  rises  to  1000°  to  1 100°  at  the  apex,  and  here  the  gaseous  con- 
ititaenls  undergo  various  decompositions  culminating  in  the  pro- 
laction  of  acetylene,  and  some  hydrogen  and  carbon  monoxide, 
in  the  middle  or  luminous  zone  the  temperature  ranges  from  1 100° 
:o  1300°,  and  here  the  acetylene  formed  in  the  inner  zone  is 
iecomposed  with  the  deposition  of  carbon,  which  at  the  moment 
of  separation  is  heated  to  incandescence  by  its  own  combustion  as 
well  as  by  that  of  the  hydrogen  and  carbon  monoxide  and  so  gives 
luminosity  to  the  flame.  In  the  outer  zone  the  cooling  and  dilu- 
ting influence  of  the  entering  air  render  a  thin  layer  nonlumin- 
ous  and  finally  extinguishes  it.  With  reference  to  the  loss  of 
luminosity  in  the  Buusen  flame  the  author  attributes  it :  (1)  to 
the  chemical  activity  of  the  oxygen  of  the  air  which  burns  up  the 
hydrocarbons  before  they  can  form  acetylene ;  (2)  to  the  diluting 
influence  of  the  nitrogen  which  increases  the  temperature  required 
to  form  acetylene;  (3)  to  the  cooling  effect  of  the  air  introduced. 
— /.  Chem,  Soc.^  Ixi,  322,  April,  1892.  (j.  F.  b. 

2.   On    the    measurement  of   Osmotic   Pressure. — It   is   well 
known  that  the  osmotic  pressure  of  a  salt  solution  calculated 
trom  the  electrolytic  dissociation  formula  of  Arrhenius  does  not 
agree  with  that  observed  directly,  but  is  always  smaller.     Thus 
for  potassium  nitrate,  the  osmotic  pressure  as  observed  by  Pieffer 
in  a  solution  containing  0  8  gram  in  100  grams,  is  1304^"™,  while 
that  calculated  is  2530.     For  a  one  percent  solution  of  potassium 
«olphate,  the  observed  value  is  1768*"™,  the  calculated  is  2480. 
TiHMANN  has  investigated  the  cause  of  this,  and  has  pointed  out 
the  fact  that  it  is  due  to  the  permeability  of  the  membrane  of 
copper  ferrocyanide    used    in    the   experimental   determinations. 
Obviously  if  this  membrane  is  not  perfectly  impermeable  to  the 
8alt  employed  (or  to  its  ions)  the  observed  osmotic  pressure  will 
he  less  than  it  really  is.     Hence  by  determining  the  rate  at  which 
the  salt  is  difl*used  through  the  membrane  a  correction  may  be 
obtained  for  the  observed  values.     Moreover,  according  to  the 
anthor,  the  copper  ferrocyanide  membrane  may  be  obtained  in 
Iwo  distinct  forms.     The  first  of  these  when  fresh  is  transparent, 
elastic  and   extremely  thin   and  allows  water  to  pass  through  it 
freely.     The  second  is  opaque,  dark  brown  in  color,  only  slightly 
elastic  and  much  less  permeable  to  water.     This  form  is  produced 
when  the  solutions  of  copper  sulphate  and  potassium  ferrocyanide 
ivmain  in  contact  with  each  other  for  a  lone:  time  on  the  nur- 
face  of  a  porous  tile.     The  presence  of  sodium  sulphate  in  the 
copper  sulphate  solution  facilitates  its  formation.     For  the  best 
results  the  solutions  should  be  more  concentrated  than  those  sug- 
gested by  Pfefier;  say  a  normal  solution  of  copper  sulphate  and 
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a  one-third  normal  solution  of  potassiam  ferrocyanide.  The 
author  proposes  a  moditication  of  Pfeffer's  method  of  determining 
osmotic  pressure,  ft  is  based  on  the  fact  that  if  two  solations 
having  different  osmotic  pressures  be  placed  on  opposite  sides  of 
a  semi-permeable  membrane,  water  will  ffow  through  the  mem- 
brane into  the  solution  whose  osmotic  pressure  is  the  higher ;  so 
that  by  applying  external  pressure  till  balance  is  attained,  the 
differential  osmotic  pressure  is  determined.  The  apparatus  used 
is  figured  in  the  paper. — Zeitschr,  physikaL  Chem,,  ix,  97,  Feb., 
1892.  G.  F.  & 

3.  On  the  Coefficient  of  Molecular  Depression  of  Phenol— 
Two  numbers  have  been  given  for  the  molecular  depreasion-coD- 
stant  of  phenol ;  one  by  Raoult,  obtained  with  phenol  of  a  melt- 
ing point  37*8^,  by  means  of  naphthalene,  camphor,  benzoic  acid 
and  thymol,  whicFi  has  the  value  67*5;  the  other  by  Eykmann, 
which  is  76.  Juillard  and  Curchod,  using  a  Bynthetically  pre- 
pared specimen  of  phenol  having  a  melting  point  41  ;2^,  find  thtt 
the  molecular  depression-constant  varies  with  the  dissolved  sab- 
stance.  Thus  for  example  for  water,  /9-naphthol,  paratoluidine, 
aniline,  nitrobenzene,  phthalic  anhydride,  diphenic  anhydride,  a- 
naphthylamine,  amyl  alcohol,  ticinic  acid  and  salol,  they  get  the 
value  68*5;  while  for  normal  ethereal  salts,  especially  those  of 
dibasic  acids  such  as  methyl  diphthalate,  ethyl  saccino-succinate, 
ethyl  malonate,  ethyl  succinate,  ethyl  aceto-acetate,  the  value  ob- 
tained is  75*81.  In  their  experiments  the  amount  of  depression  wts 
determined  in  a  long-necked  thick  glass  ffask  of  40-50^^  capacity, 
by  noting  the  solidifying  point  of  the  phenol  after  the  addition 
of  the  other  substance. — Bull,  Sac.  Chem,^  III,  vi,  237  ;  J,  Chenu 
Soc,  Ixii,  555,  May,  1892.  g.  f.  b. 

4.  On  the  detenaination  of  Vapor  Den  sit  i/  tinder  Diminished 
Pressure. — Schall  has  devised  a  method  of  determining  the 
density  of  a  vapor  under  diminished  pressure,  based  on  the  fact 
that  when  gas  is  evolved  in  a  bulb  uniformly  heated,  this  bulb  j 
being  provided  with  a  manometer,  the  increjise  of  pressure  is 
independent  of  the  point  at  which  the  gas  is  evolved  and  is 
exactly  proportional  to  the  amount  of  gas  or  vapor  produced, 
provided  the  space  shut-off  by  the  manometer  may  be  considered 
constant.  It  is  a  modification  of  the  method  alreadv  described 
in  this  Journal.*  The  bulb  used  is  moderately  thick,  of  about 
150'^  capacity,  having  two  constrictions  equidistant  in  its  length 
to  hinder  the  ditlusion  of  the  vapor  into  the  neck,  and  provided 
with  a  lateral  tube  connected  with  a  manometer,  and  interme- 
diately with  a  bell  jar  for  the  evolution  of  carbon  dioxide.  For 
the  method  of  using  it  and  the  calculation  we  must  refer  to  tbe 
original  paper. — J.  prakt.  Ch.^  II,  xlv,  134,  1892.  g.  f.  b. 

5.  Jahrlnich  dcr  Chrmie.  Boricht  Uber  die  wichtigsten  Fort- 
schritte  der  reinen  unrl  angewandten  Chemie,  herausgegeben  von 
Richard  Meyer,  Braunschweig.  I  Jahrgang,  1891.  544  pp., 
bvo.     Frankfurt  a.  M.,  1892  (II.  Bechhold). — This  new  Jahrbuch 

♦This  Journal,  III,  xl,  415,  Xovember,  1890. 
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18  designed  to  present  the  most  important  steps  of  progress  in  the 
Tsrious  departments  of  chemistry  for  the  past  year.     It  differs 
from  other  publications  of  the  kind,  particularly  the  invaluable 
Md  long  honored  Jahreshericht  der  Chemie^  in  that  it  does  not 
attempt  an  exhaustive  treatment  of  the  subject,  but  does  give  a 
well-selected   digest,    brief  enough  to  be  issued  very  promptly. 
This  first  volume  was  actually  put  on  sale  but  a  few  months  after 
the  close  of  the  year  whose  record  it  gives ;  this  is  a  remarkable 
achievement  and  if  this  promptness  can  be    maintained  it  will 
ensure  the  success  of  the  work.      The   volume   is   divided   into 
fourteen  chapters  written  by  nearly  as  many  well-known  authors 
most  of  whose  names  appear  on  the  title  page  as  regular  co- 
editors.     The  following  are  subjects  of  some  of  the  chapters  : 
Physical  Chemistry  by  W.  Nernst,  also  Inorganic  by  G.  Krttsp, 
Organic  by  C.  A.  Bischoff,  Physiological  by  F.  Rohmann,  etc. ; 
on  Metallurgy  by  E.  F.  DQrre,  Technology  of  Carbohydrates  and 
Fermentation  processes  by  M.  Marcker  and  L.  Buhring,  and  of 
Fats  by  R.   Bendedikt;  Photography  by  J.   M.   Eder   and   E. 
Yalenta.     The  book  is  handsomely  printed  and   well  bound  in 
cloth. 

6.  Chemical  calculations  with  explanatory  notes,  problems  and 
antwers.  Specially  adapted  for  use  in  Colleges  and  Science 
Schools,  by  R.  Lloyd  Whitkley  ;  with  a  preface  by  F.  Clowes. 
100  pp.  London  and  New  York,  1892  (Longmans,  Green  &  Co.) 
—This  is  a  useful  collection  of  well  selected  problems  under  the 
different  departments  of  chemistry,  accompanied  by  full  explana- 
tions of  the  methods  involved  and  the  solution  of  typical  cases; 
the  answers  to  the  problems  are  given  in  a  supplementary  chapter. 

7.  Contributions  to  the  knowledge  of  the  discharge  of  the 
Ruhmkorff  coil ;  by  Tom  Moll  ;  translated  from  the  Beiblatter 
TO  den  Annalen  der  Physik  und  Chemie,  xv,  No.  2,  1891. — From 
the  older  investigations  on  the  nature  and  duration  of  induction 
carrents  the  author  gives  a  description  of  the  methods  and  results 
of  Nyland,  Rood,  Cazin,  Mayer  and  Holtz.  He  himself  employed 
a  photographic  method;  an  image  of  the  spark  was  thrown  by  a 
small  concave  mirror  on  a  rapidly  revolving  circular  disc  which 
carried  a  sheet  of  sensitive  paper.  The  time  of  closing  the  pri- 
mary current  and  the  velocity  of  rotation  of  the  disc  were  regis- 
tered on  a  revolving  cylinder,  which  also  received  the  trace  of  a 
Tibrating  tuning-fork.  A  large  induction  coil  was  used,  its  length 
being  57^",  its  diameter  21^";  the  strength  of  the  primary  cur- 
rent was  measured  with  a  tangent  compass.  As  a  general  thing 
the  electrodes  furnishing  the  spark  were  connected  with  a  Leyden 

¥*  r  having  an  interior  coating  of  about  772  square  centimeters, 
he  external  resistance  in  the  secondary  circuit  was  always  the 
tame  and  quite  small. 

By  a  study  of  the  photographs  thus  produced  the  author  ascer- 
taioed  the  entire  duration  of  the  discharge,  the  intervals  of  time 
between  the  partial  discharges  and  their  mean,  and  this  work  was 
performed  for  sparks  of  various  lengths,  for  primary  currents  of 
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different  stV-ength,  for  various  capacities  of  the  LeydcD  jar  and 
for  different  forms  of  electrodes. 

It  was  found  that  as  the  Ien<^th  of  the  spark  increases,  the 
total  duration  diminishes,  which  is  also  the  case  with  the  number 
of  partial  sparks  composing  it,  but  the  interval  of  time  between 
the  partial  sparks  increases.  For  long  sparks  the  mean  inteml 
of  time  u  between  the  partial  sparks,  was  proportional  to  the 

square  root  of  the  spark  length,  ^/L  For  short  sparks,  u  appears 
to  be  greater  than  this  law  would  demand ;  also  the  time-intervab 
between  the  two  first  partial  discharges  increase,  as  it  appears,! 

little  more  rapidly  than  ^l.  When  the  length  of  the  spark  was 
made  less  than  0*75"""  sparks  were  produced  even  on  completing 
the  primary  circuit,  but  in  this  case  the  number  of  the  partial 
discharges  was  much  smaller  and  their  mean  distance  apart 
greater,  than  when  the  circuit  was  broken. 

When  the  strength  of  the  primary  current  was  diminished  the 
number  of  the  partial  discharges  and  the  total  duration  were 
quickly  curtailed,  but  the  mean  time-interval  of  the  partial  dis- 
charges stood  in  an  inverse  ratio  to  the  current's  strength.  This 
applies  also  to  the  value  of  the  first  time-interval. 

As  the  capacity  of  the  Loyden  jar  was  increased  the  discharge 
consisted  of  a  series  of  partial  sparks  with  increasing  time-inter- 
vals. When  the  capacity  was  diminished  the  number  of  the 
partial  sparks  increased  and  the  discharge  finally  appeared  partly 
continuous.  Since  this  continuous  light  did  not  sufficiently  affect 
the  sensitive  paper,  tlic  author  made  direct  ol)servations  with  a 
revolving  mirror,  and  ascertained  that  the  aureole  was  preceded 
by  a  few  and  followed  by  a  greater  nuraV»er  of  partial  sparks. 
As  the  cai)acity  was  made  smaller,  the  number  of  these  sparks 
was  diminished,  till  finally  the  aureole  formed  the  greatest  part 
of  the  (iiscliarge.  As  loni;  as  tlie  discharge  was  entirely  disrup- 
tive, a  diminution  of  the  capacity  diminished  the  time-inlenal 
between  tlie  partial  sparks,  but  increased  the  total  duration.  For 
short  sparks,  however,  the  total  duration  appears  to  approach  a 
constant  (juantity  and  to  be  independent  of  the  capacity  ;  it  is 
about  ()'()28  sec. 

As  the  electrodes  were  made  more  pointed  the  entire  duration 
increased,  also  the  number  of  tiie  ])artial  sj)arks,  but  the  meaa 
time-interval  l)elwei'n  tliem  was  diminislied.  When  the  electrode* 
were  made  very  sharp,  completion  of  the  primary  current  pro- 
<luced  ."sparks,  but  tlieir  nnniber  was  small.  All  the  experiments 
siiuw  tiiat  the  tinio-interval  betwcMi  the  partial  sparks  increases 
toward  the  end  ol  the  discharge,  tlie  last  interval  ollen  beinir  twice 
as  L'reat  as  its  pii'decessor.  The  author  has  expressed  the  rela- 
tion oi  the  time-intervals,  reckoning  Irom  the  first  partial  spark, 
1)V  an  ex])onential  tiiuction,  and  tlie  tiLrreement  between  calcula- 
tion  and  observation  is  verv  jz<»o<l  if  the  last  three  time-intervaiJ? 
ai'e  neglect e<l. 

The  results  in  their  ntain   features   agiee   very  well  with   the 
observations  (►f  liood,  but  difier  from  the  others  to  a  degree  that 
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is  DOt  insignificant.  Mr.  Moll  studied  the  cause  of  these  varia- 
tionSy  and  repeated  the  work  of  Nyland,  Mayer  and  Holtz  with 
arrangements  similar  to  those  used  by  these  investigators.  It 
proved  in  all  these  experiments  that  the  nature  of  the  discharge 
was  a  little  altered  by  the  mode  of  observation  itself,  since  in  the 
€X|>erimeut8  of  Nyland  and  Mayer  the  spark  struck  throui^h  a 
sheet  of  paper,  and  in  those  of  Holtz  the  spark  itself  was  in  rota- 
tion.    From  these  defects  the  arrangement  of  Rood  is  free. 

If  it  is  desired  to  give  an  explanation  of  the  discharge  of  a 
Ruhmkorff  inductorium,  it  is  necessary  at  the  outset  to  decide 
whether  the  partial  sparks  are  directed  in  the  name  way  or  not. 
Mr.  Moll  allowed  the  sparks  to  fall  on  a  rotating  disc  of  paper, 
the  electrodes  on  either  side  of  the  paper  being  at  slightly  differ- 
ent distances  from  the  center  of  the  disc.  The  holes  made  by  the 
sparks  were  always  opposite  one  of  these  electrodes,  consequently 
all  the  sparks  have  the  same  direction. 

Starting  from  this  fact  the  author  endeavors  to  explain  the 
phenomena  of  the  discharge  by  the  assumption  that  the  electricity 
cannot  flow   with  sufficient  rapidity  to  the  electrodes,  and  that 
uartial  sparks  are  produced  as  soon  as  the  difference  of  potential 
has  reached  a  certain  value,  dependent  on  the  distance  of   tlie 
electrodes  apart,  etc.     The  approximative  statements  which  with 
the  help  of  known  facts  one  can  easily  deduce  from  these  condi- 
tions, agree,  as  a  whole,  very  well    with  the  results  previously 
found  by  experiment. — k.  a. 

8.  Photography  in    Colors, — The   Comptes   Rend  us  for  Feb- 
ruary, 1891,  contained  a  note  on  color  photography  describing  a 
method  employed  by  M.  G  Li|)pmann,  who  had  been  able  to  pro- 
duce photographically  the   image  of  the  spectrum  with  all  its 
colors.     M.  G.  LiPMANN  has  communicated  further  results  to  the 
Comptes  Rendus  for  April  25  (No.  17,  vol.  cxiv).     The  following 
is  a  translation  of  his  last  communication: — In  the  first  conimuni- 
caiion  which  I  had   the  honor  to  make  to  the  Academy  on  this 
Mbject,  I  stated  that  the  sensitive  films  that  I  then  em|)loyed 
failed  in  sensitiveness  and  isochromatism,  and  -that  these  defects 
Were  the  chief  obstacle  to  the  general  apj)lication  of  the  method 
ihat  I  suggested.     Since  then  I  have  succeeded  in  improving  the 
sensitive  film,  and,  although  much  still  remains  to  be  done,  the 
I     new  results  are  sufficiently  encouraging  to  permit  me  to  ]>lace 
?.    them  before  the  Academy. 

\       On  the  albumen-bromide  of  silver  films,  renderod  orthochromatic 
by  azalin  and  cyanin,  I  have  obtained  very  brilliant  i)hotographs 
I     of  spectra.     All  the  colors  appear  at  once,  even  the  red,  without 
the  interposition  of  colored  screens,  and  after  an  exposure  varying 
from  five  to  thirty  seconds.     On  two  of  these  cliches  it  has  been 
fnnarked  that  the  colors  seen  by  transmission  are  very  j)lainly 
eomplementary  to  those  that  are  seen  by  reflection.     The  theory 
shows  that  the  complex  colors  that  adorn  natural  objects  ought 
to  be  photographed  just  the  same  as  the  simple  colors  of  a  spec- 
tram.     The  four  clichis  that  I  have  the  honor  of  submitting  to 
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the  Academy  represent  faithfully  some  object  sufficiently  diverse, 
a  stained  glass  window  of  four  colors,  red,  green,  blue,  yellow: 
a  group  of  draperies;  a  plate  of  oranges,  surmounted  by  a  red 
poppy ;  a  many-colored  parrot.  These  show  that  the  shape  \% 
represented  simultaneously  with  the  colors.  The  draperies  and 
the  bird  required  from  five  to  ten  minutes'  exposure  to  the  electric 
light  or  the  sun.  The  other  objects  were  obtained  after  maoy 
houre  of  exposure  to  a  diffuse  light.  The  green  of  the  foliage, 
the  gray  of  the  stone  of  a  building  are  perfectly  reproduced  on 
another  cliche.  The  blue  of  the  sky,  on  the  contrary,  was  repre- 
sented as  indigo.  It  remains  then  to  perfect  the  orthochromatism 
of  the  plate,  and  to  increase  considerably  its  senaitiveness."— 
NaturCy  May  5,  1892.  J.  T. 

9.  Dispersion  of  the  Ultra  Red  Rays, — At  a  meeting  of  the 
Physical  Society  in  Berlin,  March  11,  Dr.  Rubbns  discussed  this 
subject.  He  had  extended  his  observations  from  wave-length 
b'l fx  to  wave-length  8//.  The  curves  representing  changes  in 
index  of  refraction  do  not  agree  with  Professor  Langley's  views 
on  this  subject.  To  wave-length  5*d/i  Rubens^s  curves  coincide 
with  those  of  Langley.  But  beyond  this  point  the  interpolations 
of  Professor  Langley  do  not   agree  with  Rubens'a  observatioii& 

J.  T. 

10.  Electrical  Resistance  of  the  Human  Body, — The  frequent 
controversies  which  have  taken  place  upon  this  subject,  especially 
in  relation  to  accidents  from  electrical  currents,  make  a  late  paper 
by  M.  VON  Frey  (Verh.  d.  X.  Congr.  f.  innere  Medizin,  Wies- 
baden, 1891,  p.  377)  of  considerable  interest.  The  author  em- 
ployed Kohlrausch's  method  of  determination  ot  the  electrical 
resistance  of  electolytes.  The  metric  length  in  Kohlrausch's  ap- 
paratus was  supplanted  by  a  circularly  formed  channel,  the  ends 
of  which  were  not  joined.  This  channel  was  filled  with  a  sul- 
phate of  zinc  solution.  The  conducting  electrodes  were  greatly 
increased  in  size  over  those  employed  by  Kohlrausch.  With 
large  electrodes  suitably  proportioned  to  the  extent  of  surface  of 
the  wet  hands,  the  resistance  of  the  body  from  hand  to  hand  was 
found  to  be  small,  300  to  400  ohms.  The  author  discusses  the  re- 
lation between  tlie  size  of  electrode  and  the  resistance  of  the 
human  skin.  According  to  him  the  seat  of  the  electric  polariza- 
tion of  the  body  is  in  the  outer  surface  and  layers  of  the  skin.— 
JhibUUter  A/tn.  ifer  Physik  rind  Chetnit,  No.  4,  1892,  p.  217. 

J.  T. 

II.     Geology  and  Mineralogy. 

1.  The  Jlistorij  of  VolrcDtic  Action  in  the  Area  of  the  British 
JsUa,  by  Sir  AKCHin.vLi)  Geikie.  Anniv.  Address  Geol.  Soc 
London,  Fob.  10,  1 80 J.  120  |)|).  8vo. — This  second  part  of  Sir 
Archibald  Geikie's  Memoir  on  volcanic  action  in  the  British 
Islands  treats  of  the  evidences  of  such  action  and  the  volcanic 
phenomena  and  rocks,  in  connection  with  the  Old  Red  Sandstone; 


Geology  and  Mineralogy,  77 

Devonian  of  England  and  Wales ;  the  Carboniferous,  and  the 
mian.  After  the  Permian  period,  no  volcanic  or  igneous 
ptions  occurred  again  until  the  Tertiary. 

Q  the  author's  summary  of  the  remarkable  facts  he  has  pre- 
ted,  the  following  are  some  of  the  conclusions  stated.  The 
^  of  volcanic  activity  are  ranged  nearly  north  and  south, 
ig  the  length  of  the  British  Islee  from  the  south  of  Devon- 
e  to  the  Shetlands  ;  but  no  trace  of  them  occurs  through 
;em  England,  from  Berwick  to  Exeter,  if  we  except  the  dikes 
:.he  northern  counties.  Moreover,  the  Central  Highlands  of 
tland  were  exempt  through  all  the  time. 

n  this  western  tract,  volcanic  activitv  was  almost  continuous 
n  the  Archaean  to  the  close  of  the  Paleozoic ;  and  reappeared 
he  Tertiary.  The  absence  from  the  Mesozoic  accords  with 
general  quiet  over  the  European  continent. 
!^he  sites  of  the  eruptions  were  not  determined  by  lines  of 
Its;  but  there  is  this  remarkable  fact  that  they  were  con6ned 
the  low  grounds  and  valleys,  such  as  the  great  depression 
ween  the  Highland  Mountains  and  the  Southern  Uplands, 
ich  was  the  chief  center  of  volcanic  activity  in  Scotland  during 
later  half  of  the  Paleozoic.  Again  in  the  Tertiary,  the  great 
pouring  took  place  in  the  long  depression  between  the  Outer 
brides  and  the  mainland  of  Scotland.  The  volcanic  action 
snrred  on  sinking  rather  than  rising  areas,  that  is,  on  areas 
ere  a  great  thickness  of  sediments  were  formed.  There  was  a 
idual  diminution  in  the  extent  of  the  eruptions  from  the  Silu- 
n  to  the  Permian,  when  there  were  only  small  scattered  vents, 
the  earlier  Paleozoic  lava-eruptions  were  most  abundant,  while 
the  later  in  very  many  cases  there  were  only  ejections  of  ashes, 
iking  tufa-cones. 

In  each  eruptive  period  the  Tertiary  included,  there  was  a 
ange  sooner  or  later  from  basic  to  acidic  lavas.  When  a  second 
riod  commenced  in  the  same  region  there  was  usually  again  the 
me  succession — a  beginning  with  basic  and  an  ending  with 
idic.  The  eruptions  of  the  Northwest  Highlands  were  solely 
«ure  eruptions ;  and  the  same  kind  prevailed  in  the  Tertiary, 
t  other  periods  the  eruptions  were  connected  with  true  volcanic 
ints.  A  great  crater-like  cavity  was  sometimes  left,  that  became 
led  with  the  following  rock-deposits. 

2.  New  Jersey  Geological  Report  for  1891,  John  C.  Shock, 
4ite  Geologist.  270  pp.  8vo.  Trenton,  N.  J.,  1892. — This  volume 
mtains  an  extended  account  of  the  drift  formations  of  New 
Jrsey  by  Prof.  R.  D.  Salisbury,  illustrated  by  several  photo- 
pes  of  the  region  of  the  terminal  moraine  and  of  other  bowlder 
enes,  and  also  by  many  wood-cuts,  and  a  map.  The  paper  is  an 
tportant  contribution  to  the  general  subject  of  glacial  phe- 
mena. 

Mr.  Lewis  Woolman  reports  on  the  horiz^s  of  Artesian  wells 
Soathem  New  Jersey  and  other  parts  of  the  Atlantic  border. 
I  mentions  the  occurrence  of  one  or  two  upper  horizons  de- 
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pendent  on  clay  deposits,  occurring  in  Cape  May  County ;  three 
wells  at  Sea  Isle  City  atfording  water  at  depths  of  35,  150  an4 
160  feet.  At  a  greater  depth  varying  from  382  to  697  feet,  in 
the  region  of  Atlantic  City,  water  is  obtained  from  fine  hard  clays 
and  sandy  clays  over  300  feet  thick ;  and  this  3C0-foot  stratam 
contains,  through  nearly  every  foot,  great  numbers  of  diatoms, 
so  that  it  is  a  Dlatomaceous  ciat/'bed.  The  bed  consequently  is 
easily  identified.  Two  levels  of  water-supply  occur  in  it,  one 
midway  in  it,  and  the  other  just  below.  The  former  at  Atlantic 
City  has  a  depth  of  550  feet.  The  depth  increases  to  the  south- 
east at  a  rate  of  25  or  26  feet  a  mile.  A  water-horizon  beneath 
the  clay-bed  at  Atlantic  City  has  a  depth  of  700  to  720  feet. 
This  Diatomaceoua  clay-bod  extends  under  part  of  Delaware  and 
Maryland.  In  the  New  Jersey  Geological  Report  for  1890  Mr. 
Wool  worth  mentions  the  large  Diatom  bed  near  Richmond,  Vir- 
ginia, described  by  Prof.  W.  B.  Rogeinii,  as  of  the  same  charac- 
ter and  as  possibly  related  in  position.  lie  cites  from  Pru£ 
Rogers  the  fact  of  diatoms  brought  up  from  a  depth  of  558  feet 
in  a  well-boring  at  Fortress  Monroe. 

3.  ProifresH  of  the  Kentuck'tf  Geolofjical  Surcet/,  Johk  R 
Procter,  State  Geologist. — A  Report  of  progress  on  the  work  of 
the  Survey  for  1890,  1891  (to  January,  1892)  has  been  recently 
published.  It  announces  that  Prof.  Crandall  has  been  conlinuing 
the  investigation  of  the  Coal  region  of  Eastern  Kentucky,  with 
reference  to  a  general  report  on  the  coal-field  as  a  whole,  in  which 
the  extension  and  the  equivalency  of  the  various  coal-beds  will  be 
treated.  The  study  of  the  Coal-field  and  of  the  general  geology 
of  Western  Kentucky  has  also  gone  forward  under  Prof.  Lough- 
ridge,  J.  II.  Crump,  J.  B.  Hoeing  and  E.  O.  Ulrich,  and  their 
reports  will  soon  be  piiblislK'd  on  Livingston,  Meade,  Warren, 
CaMwell  an<l  Crittenden  Counties. 

4.  luntackf/  Geolof/f'rft/  Stn-vti/ :  lie/tort  on  Petroleum 
XdtKVdl  Gas  (Old  A.yt/ialt  /to/*/  o/'  We'^fern  Jventucky ;  by 
Edwakp  OiiToN.  ii3:^  ]>p.  8vo.  Frankfort,  Ky. — Prof.  Ort on,  after 
reviewing  in  an  instructive  way  the  history  of  petroleum  ^lis- 
covories  and  tlie  origin  of  niineral  oil  and  gas,  treats  of  their 
mtMles  of  geological  orcurrence,  and  the  bearing  of  the  facts  on 
practical  <|iK'>tions  connected  with  exploration  for  gas  and  oil.  ^ 
Connmsiiion.  fiiel-\aluc  and  uses  are  other  subjects  consitlered.  ^ 
Next  the  tacts  connectiMl  with  the  jieoloirv  of  Kentucky,  its  bor-  , 
ings.  Wills,  gas  and  petroleinn,  are  Lriven  in  detail.  There  is  no  .1 
belter  aiiiiioiitv  <mi  the  subieci  than  Prof.  Orton.  A  fine  colored 
nia[)  ol   tlie  geoh\ij:y  of  Keutncky  accompanies  the  Report. 

5.  (ir<>i>'fi'' fl  Sf/rr*'/  tff'  Aliihaifhi. — Bulletin  No.  2  (1S9'2), 
on  the  Phosphate-^  and  Marls  of  Alabama,  by  Prof.  E.  A.  Smith, 
State  (ieoloMi^t  pJ  ]>p.  >v<))  lia>  been  issneil. 

I'l.     'I In     Mfhniiif/foh     Oa-ri^hf   diid  (/it     hiMortf   of   itS    i^el'eTo/*-     [: 

mmt,  by  I.  C.  WniiK  (G.  S.  Amer,,  iii,  IST.) — \\\  this  excellent  \ 
paper  Prof.  White  sn^^tains  the  view  brought  out  by  him  first  in  \ 
\^^Oy  that  success  in  boring  for  gas  in  Pennsylvania  depends  as  a 
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Mral  thiDgy  OD  the  existence  of  an  anticline  in  the  subjacent 

8. 

iVieto  Lower  Silurian  Lamdlihranchiata^  chiefly  from  Min- 
ta  rocks ;  E.  O.  XJlkich.  From  the  Nineteenili  Ann.  Rept. 
1.  and  Nat.  Hist.  Surv.  of  Minnesota,  March,  1892. — Thirty 

species  are  added  to  the  known  fauna  of  these  rocks.  They 
referred  mainly  to  the  genera  Tellinomya,  Modiolopsis,  and 
ricardites.  A  new  genus,  Pletbocardia,  is  proposed  for  two 
ies  related  to  the  Cyrtodonta  cordiformis  of  Billings.  The 
lor  recognizes  the  confusion  existing  among  the  genera  of 
rian  lamellibranchs  and  his  references  are  therefore  somewhat 
risional.  c.  £.  b. 

Der  Peloponnes,  Versuch  einer  Landeskunde  auf  (/eolo- 
her  Grundlage^  nach  Ergehnissen  einiger  Iteisen  von  Dr. 
^EED  Philippson.  pp.  273-642,  8vo.  Berlin,  1892  (R.  Fried- 
ler  &  Sohn). — This  volume  is  the  concluding  Part  II  of  the 
lable  work  on  the  Peloponnesus  noticed  in  vol.  xlii  of  this 
mal  (page  173).  It  continues  the  topographic  description  of 
country,  and  then  treats  of  the  geological  structure,  climate, 
etation,  fauna,  and  other  topics  of  general  interest.  The 
strations  include  maps  and  sections  and  a  series,  of  four  large 
)red  topographic  maps,  which  are  both  hypsometric  and 
hymetric. 

.  Chiastolite  in  fossiliferous  metamoi'phic  slates  of  Portugal. 
n  an  Upper  Silurian  slate  of  the  Province  of  Minho,  near  Val- 
go,  Portugal,  J.  F.  N.  Delgado  has  found  along  with  Grap- 
tes,  multitudes  of  small  crystals  of  chiastolite.  Further,  a 
rer  Silurian  slate  of  Serra  de  Marao,  containing  a  specimen  of 

trilobite  Illcenus  Lusitaiiicus  with  portions  of  its  test  silici- 
,  and  a  cast  of  a  Redonia  (probably  R,  Duvaliana  Rou.), 
tains  crystals  of  chiastolite  in  the  rock  and  also  in  the  casts  of 
fossils.  Kjerulf  has  described  a  similar  case  from  near  Ekern, 
he  inferior  part  of  the  Lower  Silurian,  where  the  rock,  which 
profoundly  altered,  contains  large  numbers  of  chiastolite  crys- 
\  along  side  of  the  graptolites. 

0.  Striated  Garnet  from  Buckfield,  Maine  ;  by  W.  S.  Bayley 
mmunicated). — In  glancing  over  the  literature  of  garnets  in 
itze*8  Handbuch  der  Mineralogie  so  few  were  the  notices  of 
iated  garnets  met  with,  that  it  is  thought  worth  while  to  men- 
a  the  existence  of  good  examples  of  them  in  large  numbers  *at 
ckfield,  Oxford  Co.,  Maine.  Unfortunately  but  one  specimen 
m  this  locality  remains  in  the  writer's  possesKJon,  but  this  is  so 
lilar  in  appearance  to  others  obtained  trom  the  same  place  that 

description  will  serve  as  a  description  of  nearly  all  found 
re.  The  crystal  to  which  reference  is  made  is  an  icositetra- 
Iron  (211)  about  two  inches  in  diameter,  modified  by  small 
ee  of  the  dodecahedron  (110).  All  the  planes  are  deeply 
ated  parallel  to  the  combination  edge,  211  :  110,  and  these 
fttions  are  so  deep  in  the  icositetrahedral  faces  that  the  reflec- 
ts of  the  dodecahedron  may  easily  be  obtained  from  them.     In 
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consequence  of  this  oscillation  between  the  two  planes  mentioned, 
the  crystal  appears  to  be  made  up  of  a  lot  of  lozenge-shaped 
plates  piled  one  upon  another,  with  the  smallest  forming  the 
dodecabedral  bounding  plane  of  the  crystals,  and  the  edges  of 
the  pile  the  deeply  striated  icositetrahedral  faces.  In  small  frag- 
ments the  mineral  is  transparent  and  has  the  usual  deep  red  color 
of  almandine.     Its  exact  method  of  occurrence  is  unknown. 

11.  Blowpipe  Aiialysia  by  J.  Landaueb.  Authorized  English 
edition  by  James  Taylor.  Second  edition,  revised  and  enlarged. 
173  pp.  16mo.  London  and  New  York,  1892  (Macmillan  tod 
Co.). — This  excellent  little  book  has  had  a  well-deserved  recogni- 
tion since  the  issue  of  the  first  edition  in  1879,  and  in  the  present 
new  edition  it  is  still  better  equipped  for  usefulness. 


III.    Miscellaneous  Scientific  Intelligence. 

1.   Tfie   Great  Earthquake   of  Japan^    1891;   by  Prof.  Johx 
Milne,  F.R.S.,  and  Prof.  W.  K.  Burton,  C.E.,  with  plates  by 
K.  Ogawa.    Yokohama,  1892. — On  the  morning  of  October  28, 
1891,  there  occurred  in  Japan  an  earthquake,  which,  even  in  that  j 
much  shaken  country,  is  already  known  as  *'  the  Great  £artb-   j 
quake."     Its  greatest  force  was  exerted  in  the  neighborhood  of 
Gifu  and  Nagoya,  towns  some  fifteen  miles  west  of  Tokyo,  bat  it 
was  felt  from  Sendai  on  the  north  to  Nagasaki  on  the  south  over 
an  area  of  92,000  square  miles,  and  the  area  of  complete  de8tra^ 
tion  of  buildings   was  4200  square  miles.     The   first  and  most 
severe  shock  occurred  at  Gifu  at  6**  38™  11"  on  the  morning  of 
October  28,  and  was  followed  by  numerous  minor  shocks  to  the 
number  of  several  thousand  in  the  twelve  days  next  following. 
One  authority  stated  the  number  of  persons  killed  in  the  prefec- 
tures of  Aichi  and  Gifu  at  T528,  the  wounded  9458,  houses  totally 
destroyed  82,000,  partially  destroyed  23,000,  damage  to  property 
!;20,000,000.     A  recent  letter  from  Prof.  Milne,  puts  the  dead  at 
10,000  and  the  loss  at  850,000,000. 

It  is  this  great  earthquake  which  is  illustrated  in  the  series  of 
plates  whose   title  is  given  above  and  which  forms   an  oblong 
quarto   volume   29''"  X  41*^'"   in  size.     The    plates  are  heliolyp^ 
copies  of  photographs,  all  but  three  of  which    were  made  by  th^ 
authors   for  the    Imperial   University  of  Japan,    and    are   copy- 
righted  in  its  name.     It  is  published   by  Lane  Crawford  &  Co-^ 
Yokohama.     The  press  work  was  done  in  Tokyo,  and  the  pape^ 
on   which   it  is   printed  is  a  product  of  the  very  district   shakei^ 
by  the  earthquake.     Indeed   there   was   some  delay  in  printiaS 
proofs  owinsx  to  the  difhculty  of  getting  the    paper  in  the  dis- 
organized state  of  all  manufactures.     It  is  handsomely  bound  i^ 
clotli   and   in  cjcneral  make  up  the  book  will  compare  favorabl^ ^ 
with  the  product  of  any  western  i)res8.     The  first  edition  of  10^^* 
copies  has  all  been  sold  and  a  second  edition  with  a  few  addilioi.^  s 
plates  is  in  preparation. 
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It  opens  with  ten  pages  of  introduction  on  the  natare  of  earth- 
lakes  in  general  and  their  relation  to  Japan,  with  brief  mention 
the  salient  incidents  of  the  recent  disaster,  from  which  some  of 
e  statements  above  are  taken.  This  is  followed  by  thirty  plates, 
trying  a  little  in  size,  but  mostly  about  32*^™  X  21*5*^™  and  each 
ate  is  accompanied  by  a  brief  description.  These  plates  give 
ry  impressive  illustrations  of  the  destruction  caused  by  the 
rthqiiake. 

2.  Congress  of  Mathematicians  and  Astronomers. — ^In  con- 
•ction  with  the  Exposition  to  be  held  at  Chicago  in  1893,  a 
World's  Congress  Auxiliary  "  has  been  formed  for  the  pui*pose 

organizing  a  series  of  Congresses  or  Conventions  to  be  held 
iring  the  progress  of  the  Exposition,  which  will  bring  together 
e  leading  scholars  of  the  world  for  the  mutual  interchange  of 
eas  on  topics  bearing  on  human  progress. 

As  a  part  of  this  general  plan  a  preliminary  address  has  been 
cently  issued  from  the  division  of  Mathematics  and  Astronomy, 

which  Prof.  George  W.  Hough  is  chairman,  inviting  the  coopera- 
3n  of  all  persons  and  societies  interested  in  the  department  of 
lysical  science.  Three  chapters  are  proposed:  1  in  Pure  Math- 
natics,  11  in  Astronomy,  and  III  in  Astro-physics.  A  series  of 
pics  is  given  in  the  circular  by  the  committee,  which  are  sug- 
»8ted  for  consideration.  Advice  and  suggestions  are  desired 
J  to  the  general  conduct  of  the  convention,  and  in  particular  as 
>  the  scientific  questions  to  be  discussed,  and  persons  to  present 
lera.  The  suggestions  and  recommendations  invited  will  be 
Bed  in  the  formation  of  the  program  for  the  Congress. 

The  Chairmen  of  the  Special  Committees  of  the  several  chapters 
nder  the  charge  of  the  General  Committee,  are  as  follows  : 

Pure  Mathematics^  Prof.  E.  H.  Moore,  Chicago  University, 
Chicago,  111. 

Astronomy,  Prof.  G.  W.  Hough,  Dearborn  Observatory,  North- 
yestern  University,  Evanston,  111.  (who  is  also  general  chairman). 

Astro- PhysicSy  Prof.  George  E.  Hale,  Kenwood  Astro-Physical 
Observatory,  Chicago,  111. 

3.  American  Association, — The  41st  meeting  of  the  American 
Association  for  the  Advancement  of  Science  will  be  held  in 
August  next,  commencing  with  Wednesday,  the  17th,  at  Roch- 
?8ler.  New  York.  All  abstracts  of  papers  should  be  sent  to  the 
Permanent  Secretary,  F.  W.  Putnam,  Salem,  Mass.,  until  Aug. 
Hh,  and  after  that  time,  to  Powers'  Hotel,  Rochester,  the  hotel 
headquarters  of  the  Association.  The  President  of  the  meeting 
is  Prof.  Joseph  LeConte,  of  Berkeley,  California.  The  Local 
Secretary,  Prof.  H.  L.  Fairchild  of  the  University  of  Rochester 
will  give  information,  if  desired,  with  regard  to  local  arrange- 
ments, hotels,  railway  rates,  etc.  The  Register  will  be  opened  in 
the  University  of  Rochester  on  the  15th  of  August,  and  the 
meetings  will  be  held  in  the  buildings  of  the  University. 

Tlie  Geological  Society  of  America  will  hold  its  August  meet- 
ing at  the  same  place  on  Monday  and  Tuesday,  Aug.  15  and  IC, 
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Prof.  G.  K.  CTilbcit,  President;  The  American  Microscopical 
Society,  on  Ang.  9,  10,  11,  12,  Prof.  M.  E.  Ewell,  Preat ;  The 
Society  for  the  promotion  of  Agricultural  Science,  on  Aug.  1% 
16,  Prof.  I.  P.  Roberts,  Prest.,  and  the  Association  of  Economie 
Entomologists,  on  Aug.  15,  IG,  Dr.  J.  A.  Lintner,  President 

OBITUARY. 

Lewis  Morris  Rutherpitrd  died  on  the  30th  of  May  at  his 
home,  Tranquillity,  New  Jersey,  in  the  seventy-sixth  year  of  his 
age.  He  was  born  at  Morrisania,  N.  Y.,  Nov.  25th,  1816,  and 
was  graduated  at  Williams  College  in  1834.  He  at  first  devoted 
himself  to  the  practice  of  the  law,  but  in  1843  he  turned  into  the 
field  of  physical  science  in  which  he  was  to  accomplish  such  good 
work.  His  interests  lay  chiefly  in  the  direction  of  stellar  pho 
tography  and  spectroscopic  work,  and  in  1862  and  1863  be  pul>- 
lished  (in  this  Journal)  several  important  papers  upon  these  sub- 
jects. One  of  these  discussed  the  spectra  of  the  stars,  moon  and 
the  planets,  which  was  one  of  the  early  contributions  in  this  line 
and  contained  the  first  attempt  to  classify  stars  according  to 
their  spectra.  He  constructed  about  the  same  time  a  telescope 
for  photographic  work  with  specially  corrected  objective  of  \\\ 
inches  aperture,  and  in  1868  one  of  13  inches;  with  the  latter  he 
made  many  admirable  negatives  of  the  sun,  moon  and  star 
groups ;  his  i)hotographs  of  the  lunar  surface  are  remarkable  for 
their  beauty  and  perfection.  He  also  constructed  a  micrometer 
for  astronomical  measurements,  and  in  connection  with  photo- 
graphs of  stellar  groups  he  made  a  large  series  of  measures  which 
in  many  cases  constitute  the  earliest  accurate  observations  of  the 
clusters  in  question.  A  paper  has  recently  been  published*  upon 
the  ".Rulliert'unl  Photographic  Measures  of  the  Group  of  the 
Pleiades,"  and  it  is  stated  that  others  are  to  follow  giving  the 
results  of  the  Rutherfurd  measures.  Another  work  of  great 
importance  was  the  construction  in  18i«()  of  an  accurate  ruling 
engine  with  wMiich  he  ruled  diffraction  gratings  for  spectroscopic 
work ;  these  '*  llutherfurd  gratitigs  "  for  many  years  played  as^ 
important  a  part  as  do  the  "  Rowland  gratings"  to-day. 

Mr.  Rutherfurd  was  one  of  the  oriixinal  niend)ers  of  the  National 
Academy  of  Sciences.  He  was  named  l)y  the  President  of  the 
United  Slates  as  one  of  the  Atnerican  delegates  to  the  Interna- 
tional Meridian  Conference  that  tnet  in  AV'ashington  in  October. 
ISiS"),  and  he  took  a  |)roniinent  j)art  in  the  work.  In  1887  he  was 
invited  by  the  French  Academy  of  Sciences  to  become  a  memhor 
of  tlie  Internationa!  Conference  on  Astronomical  Photography, 
h(dd  in  Paris  in  \^xi^  and  was  a|)pointed  l»y  the  Presitlent  of  the 
National  Acadetny  of  ScicMices  as  its  representative,  but  was 
obliged  to  decline  the  honor  (MJ  account  o|  liis  failing  health,  lie 
was  an  Associate  of  the  Koyal  Astronomical  Society  and,  besides 
being  a  niember  of  several  scientific  so(;ieties  in  this  country  and 
abroad,  was  the  reci|)ient    of  many  medals,  orders  and  diplomas. 

*  I'.v  ll.-irold  Jnool.s   in   Iho  Aim.ils    \.  V.  A(':ni.  Sri.,  vol.  vi,  pp.  2::i*-:;."^0.  Fi-b 
181)2.' 
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Art.  XL — On  the   Mel^itions  between  the  Surface  Tensions 
of  Liquids  and  their   Chemical   Constitution;    by  C.  E. 

LiNEBARGER. 

The  mathematical  and  physical  parts  of  the  subject  of  the 
surface  tension  of  liquids  have  received  much  attention,  and 
Day  be  considered  as  having  reached  a  high  stage  of  develop- 
nent  The  basis  of  the  theory  was  laid  by  Young,*  who 
•egarded  a  liquid  as  bounded  by  a  superficial  film,  behaving  like 
I  stretched  membrane,  and  who  showed  that  the  form  of  the 
surface  could  be  accounted  for  by  taking  into  consideration  the 
conflict  between  the  surface  tension  and  the  other  forces  act- 
ing upon  the  liquid.  This  theory  was  elabora'tely  worked  out 
bj  Laplace,+  Poisson,^  Gauss,§  Hagen||  and  many  others. 
Numerous  investigators  have  occupied  themselves  with  the 
experimental  verification  of  the  theory  and  treatment  and 
development  of  certain  physical  and  mathematical  questions 
pertaining  to  \i.^  The  bibliography  relative  to  the  phenomena 
of  capillarity  is  very  extensive ;  indeed,  but  few  branches  of 
physics  have  received  more  attention. 

The  chemical  side  of  the  question,  on  the  other  hand,  has 

*An  Resaj  on  the  Cohesion  of  Fluids,  Phil.  Transactions  for  1805;  and  Young's 
CbUected  Works  by  Peacock,  vol.  i,  p.  418. 

f  Sur  Taction  capillaire,  Supplement  au  X  livre  du  Traite  de  Mecanique  Celeste. 
(1845).  Paris. 

f  XoaveUe  theorie  deFaction  capillaire  (1831),  Paris. 

^  PriDcipia  generalia  theoriae  figurae  fluidorum  in  statu  aequilibrii,  Gottingen. 

I  IJeber  die  Oberflacbe  der  Flussigkeiten,  Berlin  Acad.  (1845). 
^For  a  historical  sketch  of  the  subject,  see  Quincke,  Pogg.  Ann.,  cv,  I,  and 
fax  well,  in  Encyclopedia  Britannica. 

Ak.  Jour.  Sci. — ^Thibd  Series,  Vol.  XLTY,  No.  260.— August,  1892. 
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received  comparatively  little  attention,  although  it  is  univer- 
sally recognized  that  there  must  be  an  intimate  connection 
between  tlie  capillarity  and  chemical  constitution  of  liquids. 
Mendeleeff*  seems  to  have  been  the  first  to  have  entered  this 
field  of  investigation,  being  followed  a  few  years  later  by 
Wilhemy  ;t  the  work  of  Qumcke:}:  on  the  surface  tension  of 
substances  at  their  point  of  liquefaction  should  also  be  men- 
tioned here.  Robert  SchiflF,§  too,  has  published  extensive  and 
valuable  facts  and  deduced  therefrom  some  importaBt  concln- 
sions  in  this  domain  of  research.  I  will  not  enter  now  into  a 
review  of  these  investigations,  as  they  will  be  freqnentlv 
referred  to  in  discussing  my  results. 

Three  principal  methods  have  been  employed  in  the  deter- 
mination of  the  surface  tension  of  liquids;  1%  the  capillary 
tube  method^  consisting  in  observing  the  height  to  which  a 
liquid  rises  in  a  capillary  tube  of  known  bore ;  2°,  the  dro^ 
(yr  bubble  method^  consisting  in  the. determination  of  the  shape, 
and  size  of  drops  or  bubbles  formed  in  various  circumstances; 
3° — the  methoa  consisting  in  ascertaining  the  force  neceasair 
to  pull  a  disk  of  known  area  from  the  surface  of  a  liquii 
These  methods  have,  indeed,  been  very  much  modified  in 
individual  cases,  but,  in  general,  all  may  be  referred  to  one  or 
another  of  the  foregoing.  The  results  obtained  by  diflEerent 
methods  have  been  found  to  be  quite  concordant 

Most  of  the  determinations  of  surface  tension  have  been 
made  with  one  liquid  in  contact  wiih  air,  the  surface  tension 
of  which  being  so  small,  conld  be  safely  neglected.  About 
the  only  investigations  of  the  surface  tensions  of  two  liquids 
ill  contact  are  those  of  Quincke  (^who  determined  the  shape  of 
drops  of  one  liijuid  resting  in  another,  and  the  change  in  the 
height  of  a  litjuid  in  a  capillary  tube  when  subjected  to  the 
intluenco  of  another  liquid,  etc.)  and  of  Guthrie.  These 
researches  are  entirely  j>hysical,  chemical  questions  being 
hardlv  touched,  vet  as  it  was  Guthrie's  work  which  induced  nie 
to  take  up  this  subject,  and  as  his  methods  resemble  mine 
closely,  1  will  describe  some  of  his  experiments  and  cite  some 
of  his  coiu'lusioiis. 

Kroin  a  glass  ball,  suspended  in  :i  funnel-shaped  vessel,  water 
was  made  Xo  \\vo\s,  the  drops  being  caught  in  a  graduated  tube 
placed  at  the  bottom  of  the  vessel.  Funnel  and  tube  were 
tilled  successivoly  with  air,  *•  turpentol,''  and  benzene,  and  the 
flow  of  wator  si»  regulated  that  a  drop  fell  ever\  five  seconds. 
It  was  t\»uiul  that  there  were  required  to  fill  the  tube  up  to  a 

♦('ompt    \W\\y\..  ;.  yi  and  li.  i»7  vlSOOi.       -f  Pogjr.  Ann.,  cxxii.  55,  ^^lS64.) 
X  ToK'kr    \\\\\  .  oxxw.  yVl\,  ^|S«>S>  and  ih.  oxxiviii.  141.  «1S69.) 
jii  l.iilMc'<  Ann  ,  or\x  ii.  4T,  il^S4^  and  Gazz.  chim.  ital.  xir.  137,  (1SS4.) 
j  Tnv.  Uoy.  Soo..  xiii.  444  and  xiv.  11. 
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fixed  mark,  57  drops  in  air,  27  in  "  turpentol "  and  7  in  ben- 
zene. As  the  benzene  and  "  turpentol "  had  nearly  the  same 
specific  gravity  (see  Table  I),  it  is  impossible  that  the  differ- 
ence in  the  size  of  the  drops  should  be  due  to  this  alone, 
jruthrie  also  determined  the  weight  of  drops  of  mercury  in 
i^arious  media.     I  give  his  principal  results  in  Table  I. 


Specifi 
Air 

c  gravity. 

0- 

1- 

1-245 

0-864 

0-863 

Table  I. 

Weight  of  drop  of 
mercury  in 

0-7654  gram. 
0-6462     " 
0-5579     " 
0-5601     " 
0-4071     " 

Weight  of  drop  of 
mercury  in  air. 

0-7654  gram. 
0-6975     " 
0-6151     " 
0-5982     " 
0-4350     " 

Water 

Glycerine 

Benzene  

"Turpentol". 

Here  also,  a  great  difference  is  observed  in  the  weights  of 
:he  drops  of  mercury  in  benzene  and  "turpentol;"  and,  al- 
though there  is  not  much  difference  in  the  drop-size  of  glyc- 
erine and  benzene,  yet  their  specific  gravities  are  far  from 
being  the  same.  Guthrie  states  as  one  of  the  principal  results 
of  his  work  that  "the  drop  size  of  a  liquid,  which  drops  under 
like  conditions  through  various  media,  does  not  depend  wholly 
upon  the  density  of  the  medium  and  consequent  variation  in 
the  weight  of  the  dropping  liquid." 

Evidently  this  behavior  is  due  to  the  chemical  constitution 
of  the  liquids  examined,  and  the  question  arises,  would  not  the 
determination  of  the   surface   tension   between   many   other 
liquids  afford  valuable  data  in  regard  to  their  chemical  consti- 
tution ?     The  object  of  the  present  paper  is  to  begin  the  answer 
to  the  question.     It  will  require  much  work  in  order  to  find 
out  what  laws  underlie  these  phenomena,  and  this  article  will 
contain  but  a  description  of  the  apparatus  used,  together  with 
some  indications  of  the  direction  that  succeeding  investigations 
should  take.     The  results  obtained  with  the  liquids  examined 
show  that  some  importance  may  be  attached  to  the  thorough 
investigation  of  the  subject. 

Experiments  of  this  kind  should  be  carrried  out  with  liquids 
which  are  totally  or  nearly  insoluble  in  one  another,  but  it  is 
difficult,  if  not  impossible,  to  find  liquids  fulfilling  those  condi- 
tions.    All  liquids,  which  have  a  perceptible  vapor  tension  at 
Ihe  temperature  at  which  a  determination  of  solubility  would 
be  made,  must  dissolve  one  another  to  some  extent ;  for  as,  in 
^neral,  every  liquid  has  the  power  of  absorbing  to  some  degree 
every  gas  or  vapor,  one  liquid  in  this  case  would  dissolve  the 
vapor  of  the  other,  and  it  is  impossible  to  distinguish  between 
a  solation  of  a  substance  in  gaseous  form  and  its  solution  in 
liquid  form.     This  is  shown   by  the  fact  that,  if  water  be 
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shaken  up  with  an  ethereal  oil,  although  the  liquids  are  re- 
garded as  insoluble  in  each  other,  yet  the  latter  imparts  its 
odor  to  the  former.  There  are,  however,  numbers  of  pairs  of 
liquids  which  are  practically  insoluble  in  each  other ;  at  least, 
we  are  unable  by  our  analytical  methods  to  detect  the  presence 
of  one  in  the  other — and  it  is  the  surface  tension  of  these 
liquids  that  it  is  my  purpose  to  investigate. 

At  the  surface  of  two  absolutely  msoluble  liquids,  there 
would  reign  complete  repulsion  between  the  molecules;  no 
molecule  of  one  liquid  would  pass  beyond  a  definite  surface  con- 
centric with  the  surfaces  of  tlie  liquids,  and  this  surface  would 
form  an  impenetrable  barrier  to  molecules  of  each  liquid. 
But  in  the  case  of  liquids  which  dissolve  one  another  a  little, 
complete  repulsion  between  the  molecules  prevails  no  looger, 
but  on  the  contrary  a  slight  attraction,  so  that  now  a  mole- 
cule of  one  liquid  may  pass  into  the  other.  This  would 
continue  until  tlie  ** tension"  of  solution  of  each  liquid  was 
reached.  The  question  arises  then,  whether,  in  searching 
for  stoichiometrical  relations,  the  superficial  tensions  of  liquids, 
saturated  with  each  other,  or  pure,  be  employed.  Leaving  the 
discussion  of  the  question  for  the  present,  we  will  in  this  paper 
make  use  of  those  superficial  tensions  determined  with  liquids 
un (Contaminated  with  one  another. 

It  is  necessary  in  work  of  this  kind  to  select  one  liquid  as  i 
standard  of  comparison,  absolute  measurements  being  less 
reliable  than  comparative.  Mercury,  as  regards  insolubility,  is 
admirably  adapted  to  the  end  in  view,  but  I  have  not  found  it 
advantageous  to  employ  it  in  measurements  made  by  the 
method  I  adopted.  I  have  therefore  chosen  water,  the  uni- 
versal standard,  as  it  is  insoluble  in  a  sufiicient  number  of 
organic  compounds  to  receive  quite  an  extended  use. 

The  method  consisted  in  determining: — 1°,  the  number  of 
drops  into  which  a  certain  volume  of  water  divided  in  ''drop- 
ping down  "  through  liquids  lighter  than  water  and  in  '*  drop- 
ping up  "  through  liquids  heavier  than  water ;  2°,  the  num- 
ber of  drops  of  a  li(piid  ''dropping  down,"  if  heavier  than 
water,  and  ''  droj)ping  up  "  if  lighter,  through  that  standard.* 

The  bulb  of  a  small  pipette  was  so  shaped  and  ground  that 
it  fitted  snugly  (like  a  stopper  in  a  bottle)  in  the  neck  of  a 
cylindi^ical  vessel,  provided  at  its  lower  end  with  a  stop  cock. 
An  inch  above  the  bulb,  a  second  much  smaller  bulb  was 
blown,  and  between  it  and  the  larger  bulb  as  well  as  an  inch  or 
so  below  the  latter,  marks  were  scratched.  The  lower  stem  of 
the  pipette  was  bent  out  so  as  to  run  down  close  to  the  side  of 
the  cvlindrical  vessel  nearlv  to  the  bottom,  where  it  was  turned 

*For  an  extension  of  the  meaning  of  '*  drop/'  I  refer  to  Guthrie's  work  (loc 
cit.) 
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ip  through  two  right  angles,  the  orifice  being  exactly  in  the 
xis  of  the  cylinder,  no  matter  how  the  pipette  was  inserted. 
t  is  of  some  importance  that  the  orifice  be  always  placed  in 
nch  a  position,  that  the  drops  may  be  discharged  vertically. 
L  second  pipette  with  a  straight  stem,  so  as  to  discharge  bnb- 
les  downwards,  was  also  employed.  To  make  a  determmation, 
be  pipette  (the  curved-stemmed  one,  if  the  dropping  liquid  is 
be  lighter,  and  the  straight-stemmed  one,  if  the  dropping 
^nid  is  the  heavier)  is  filled  with  one  of  the  liquids  by  sue 
ion  through  a  long  rubber  tube  slipped  over  the  upper  end  of 
he  pipette  and  provided  with  a  pinch  cock,  it  is  then 
Qserted  in  the  cylinder  which  has  previously  been  filled  with 
Dongh  of  the  other  liquid  to  stand  an  iucli  or  so  above  the 
'rifice  of  the  pipette.  The  free  end  of  the  rubber  tubing  is 
lipped  over  a  piece  of  glass  tubing,  so  shaped  that  it  can  be 
leid  conveniently  in  the  hand  and  closed  with  the  thumb. 
Phe  thumb  is  now  kept  tightly  pressed  over  the  tube,  and  the 
)inchcock  opened.  A  few  drops  fall  rapidly  at  first,  before 
lie  pressure  becomes  sufliciently  reduced.  By  lifting  the 
ihurab,  air  may  be  admitted  and  the  liquid  made  to  drop  at 
iny  desired  rate.  After  a  little  practice,  the  raising  of  the 
;humb  and  the  counting  of  the  drops  are  done  almost  instinc- 
:ively.  If  the  time  of  the  growth  of  the  drops  is  to  be  noted, 
I  watch  is  placed  at  the  side  of  the  apparatus,  and  the  falling 
jf  the  drops  made  to  coincide  with  the  movements  of  the 
second-hand.  This  is  very  easily  done.  Suppose,  for  instance, 
Due  wants  the  drops  to  form  at  the  rate  of  one  a  second. 
Then,  by  beginning  to  count  when  the  second-hand  crosses  a 
[loarter-rainute  mark,  fifteen  drops  should  have  fallen  when 
the  second-hand  passes  the  next  quarter-minute  mark,  thirty 
drops,  when  it  passes  the  next,  and  so  on.  In  this  way,  with 
very  little  eflfort,  a  strict  account  of  the  time  taken  by  the 
drops  in  forming  can  be  kept.  The  number  of  drops,  into 
which  the  volume  comprised  between  the  two  marks  divided 
was  taken  in  every  case.  If  the  last  drop  before  the  mark  was 
reached  did  not  leave  the  residual  liquid  nearly  flush  with  the 
mark,  which  was  generally  the  case,  another  drop  was  allowed 
to  form,  and,  by  observing  the  volume  it  occupied  in  the  stem 
>f  the  pipette,  an  estimation  to  a  quarter  of  a  drop  could  be 
made,  which  was  added  to  the  number  of  drops  counted. 
JVhen  one  determination  had  been  made,  the  pipette  was 
lemoved,  wiped  free  from  the  outside  liquid,  refilled  and  again 
nserted  in  the  cylinder.  The  liquids  in  the  outside  vessel  are 
asily  drawn  off  separately  by  means  of  the  stop-cock. 

In  regard  to  the  accuracy  of  results  obtained  by  this  ap])a- 
atiis,  it  was  found  that  determinations  of  drops  forming  at 
'le  same  rate  and  dropping  upwards,  seljiom  differed,  if  the 
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liquids  were  quite  insoluble  in  each  other,  bj  more  than  one 
drop  in  a  hundred.  If,  however,  the  liquids  were  somewhat 
soluble  in  each  other,  quite  variable  results  would  be  obtained 
until  the  one  liquid  was  saturated  with  the  other.  Thus  water 
in  dropping  up  through  nitrobenzene  which  was  not  changed 
in  three  determinations  gave  for  the  first  series:  1°,  136  drops 
— 2°,  142  drops  and  3°,  155  drops ;  and  for  the  second  T, 
133  drops— 2^,  146  drops  and  3°,  161  drops.  The  first  two 
determinations  agree  fairly  well ;  they  were  made  with  water 
dropping  through  dry  nitrobenzene.  But  as  the  nitrobenzene 
became  more  and  more  contaminated  with  water,  the  surface 
tension  of  the  liquids  changed  as  shown  above  in  the  number 
of  drops.  Three  independent  determinations  of  the  number 
of  drops  of  water  saturated  with  nitrobenzene  up  through 
nitrobenzene  saturated  with  water  gave — 1°,  112  drops— 2°, 
110*5  drops — 3°,  111  drops, — which  are  entirely  concordant 
This  slight  solubility  of  liquids  in  one  another  complicates  mat- 
ters greatly,  and  renders  stoichiometrical  conclusions  based  upon 
results  obtained  by  measurements  of  superficial  tensions  of 
liquids  by  the  above  method  somewhat  unreliable.  Without 
doubt,  however,  by  a  further  study  of  these  phenomena,  we 
shall  learn  how  to  make  due  allowance  for  such  disturbing 
influences.  Of  the  liquids  which  I  have  examined,  not  one, 
with  the  exception  of  nitrobenzene  and  broraoform,  has  given 
any  too  variable  results. 

'The  time  of  the  growth  of  drops  has  a  little  influence  upon 
their  size.  For  an  elaborate  investigation  of  the  influence  of 
time  upon  drop-size  I  must  refer  to  Guthrie's  papers.  In  my 
experiments,  it  wa.s  ini])ossible  to  choose  a  certain  fixed  rate 
at  wliicli  all  drops  should  form,  since  a  large  drop  requires  a 
lonirer  time  for  formation  than  a  small  one;  hence  I  made 
the  drops  form  at  such  a  rate  as  seemed  necessary  for  the 
attainment  of  the  maximum  size. 

In  the  case  of  licjuids  heavier  than  water,  falling  through 
water,  the  orifice  uf  the  pipette  was  wetted  by  the  water,  and 
lienee  tlie  drops  formed  upon  the  inner  circumference  of  the 
orifice,  whieli,  however,  in  my  instrument  differed  very  slightly 
from  tluit  of  the  outer.     It  was  difficult  to  obtain  concordant 
results   in    this  ease,  since  the  drops  could  not  be  prevented 
troin  fallin^^  by  ** twos''  and  '*  threes."     That  is,  a  drop  would 
coiunuMicc  to   form  slowly,  when,  all  of  a  sudden,  it  would 
increase   rapidly  in  size,  fall  off  and   be  followed   by  anotber, 
which    would,    however,    take   a    longer   time   for  formation. 
There  sccnis  to  he  a  sort  of  j>ull  exercised  by  the  first  drop  on 
the  second.     Sometimes  two  drops  would  issue  rapidly  from 
the  orifice    to    he  followed  more   slowlv  bv  a  third.      This, 
rendering  the  rate  of  fonnation  irregular,  caused  the  results  to 
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le  somewhat  variable,  since  the  first  drop  was  evidently 
mailer  than  the  succeeding  ones.  Not  so  much  confidence, 
beu,  is  to  be  placed  in  the  results  obtained  by  the  dropping  of 
eavier  liquids  through  lighter,  as  of  lighter  up  through 
eavier  ones,  since  in  the  latter  case  no  such  phenomena  were 
beerved. 
In  the  dropping  of  the  liquids,  besides  the  main  drop,  a 
mch  smaller  secondary  drop  would  also  form  almost  invari- 
bly.  In  general,  the  larger  the  main  drops,  the  smaller  the 
3Condary  drops,  so  that  but  a  slight  error  is  introduced  in  neg- 
3Cting  the  latter,  when  the  former  are  comparatively  large. 
?he  formation  of  these  secondary  drops  may  be  explained  as 
ollows :  The  main  drop,  just  before  breaking  loose,  is  cou- 
lected  to  the  mass  of  the  liquid  by  a  short  cylinder,  the  cir- 
umference  of  which  is  that  of  the  orifice  of  the  pipette. 
^Vhen  the  large  drop  tears  itself  from  the  connecting  cylinder, 
I  certain  impulse  or  shock  is  communicated  to  the  latter,  so 
.hat  it  is  severed  from  the  mass  of  liquid,  and  under  the  action 
rf  superficial  tension  and  gravitation  assumes  a  spheroidal 
form,  appearing  as  a  drop.  In  this  paper,  I  have  not  attempted 
to  make  any  corrections  for  these  secondary  drops,  although, 
without  doubt,  their  appearance  is  intimately  connected  with 
the  superficial  tension  of  the  liquid  in  question. 

When  water  was  dropped  down  through  other  liquids,  it 
would  run  up  around  the  orifice  of  the  pipette  so  that  the 
drops  were  larger  than  they  should  be,  and  consequently  the 
results  were  quite  variable.  This  was  prevented  by  the  fol- 
lowing simple  device.  A  test  tube  just  small  enough  to  enter 
the  outer  vessel  of  the  dropping  apparatus  was  cut  oflE  so  as  to 
form  a  tube  open  at  both  ends  about  two  inches  long.  In  one 
end  was  fitted  a  cork  through  which  a  hole  was  pierced  so  that 
the  stem  of  the  pipette  could  be  thrust  through  it.  In  the 
other  end  was  set  a  thin  ring  of  cork  made  by  cutting  a  cross- 
section  of  a  good  soft  cork  and  filing  it  out.  This  ring  was 
cut  into  four  times  so  as  to  form  four  shallow  clefts  situated 
9t)^  apart.  In  these  clefts  were  inserted  fine-spun  threads  of 
glass,  so  that  they  crossed  at  the  center  of  the  ring.  The 
orifice  of  the  pipette  was  shoved  down  close  enough  to  the  inter- 
fiection  of  the  glass  threads  that  a  drop,  when  nearly  half  formed 
Would  touch  it.  The  drop  then,  instead  of  running  up  the 
rides  of  the  pipette  would  be  confined  to  the  orifice,  the 
crossed  threads  serving  as  a  support  for  the  drop  during  its 
formation.  With  this  little  device,  the  determinations  were 
entirely  concordant. 

We  will  first  take  up  the  discussion  of  the  results  obtained 
rith  liquids  lighter  than  water.  These  were  all  hydrocarbons 
f  the  benzene  series  from  the  establishment   of  Eahlbaum 
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labelled  chemically  pore.  I  made  do  special  tests  for  their 
purity,  as  for  my  pui-pose  they  might  be  considered  pure 
enongh. 

The  results  are  given  in  Table  I.  In  the  first  column  are 
given  the  names,  in  the  second  the  formulae  of  the  substances, 
while  in  the  third  are  recorded  their  densities  at  20°  as  fonnd 
in  the  literature.  The  fourth  column  contains  the  weights  in 
grams  of  drops  of  the  respective  hydrocarbons  in  water,  and 
the  fifth  the  weights  of  drops  of  water  in  the  hydrocarbons. 

I  have  not  calculated  the  surface  tension,  as  I  did  not  know 
the  radius  of  the  orifice  of  the  pi|)ette ;  as  it  deals  here  of 
relative  rather  than  absolute  values,  that  is  of  little  moment. 


I. 
Benzene 
Toluene 
0- xylene 
i?j-xvlene 
/t>-xylene 
Cumene 
Pseudocumene 
Ethvlbenzene 
Mesitvlcne 


Table  IT. 

II. 

C.H. 
C.H, .  CH, 

C.H..(CH,).l-2 

C.H.(CH.),l-3 

C.H,(CH),l-4 

C.H.cri(CH.). 

C.H,.(CH,)..i:V4 

C.H..C.H. 

C,H..(CH,)..l-3-5 


III. 

rv. 

T. 

0-879 

0-0405 

0-1932 

0-865 

0-0403 

O-1920 

0-75 

00405 

O-2O10 

0-87 

0-0406 

O-1910 

0-862 

0-0318 

0-15-9 

0-87 

0-0262 

0-1263 

0-86 

00314 

0-1686 

0-866 

0-0178 

0-08-26 

00141 

0-0725 

We  notice  first  that  the  determinations  of  the  size  of  the 
drops  of  the  hydrocarbons  in  water  and  of  water  in  the  hydro- 
carbons give  relatively  the  same  results.  If  the  numbers  in 
the  fourth  eohinin  be  multiplied  l>y  Jive^  the  numbers  in  the 
fifth  column  are  approximately  obtained.  This  shows  that  the 
two  methods  i^ive  strictly  comparable  results. 

The  weii^hts  of  the  drops  of  benzene,  toluene,  o-xylene  and 
;/^xylene  in  water,  as  well  as  the  weights  of  water-drops  in 
them,  are  the  same,  if  duo  allowance  be  made  for  unavoidable 
errors  of  observation.  The  superficial  tensions  of  these  organic 
liquids  in  contact  with  water  have  then  equal  values.  In  par- 
sing to  />-xylene,  there  is  a  considerable  decrease  in  the  weights 
of  the  drops.  This  is  evidently  due  to  the^xz/vz-position  of  one 
of  the  methyl  groups,  for  pseudocumene,  which  contains  a 
inff'i-  as  well  as  y>/</'ff -methyl  grou|>,  has  the  same  drop-size 
asy>-xylene.  While  the  introduction  of  a  wie^r-methyl  group 
in  benzene  derivatives  seems  without  intluence  upon  the  super- 
ficial tension,  the  introduction  of  a  y/^f/vz-methyl  group  exer- 
cises, on  the  oontrarv,  a  decided  influence.  Yet  three  mda- 
methyl  groups,  as  in  inesitylene,  cause  the  surface  tension  t«» 
decrease  irreativ  Airain  it  is  to  be  observed  how  different  are 
the  drop  sizes  in  the  case  of  toluene  or  methyl-benzene  and 
ethyl-benzene.     Cumene  or    isopropyl benzene  also  has  a  sur* 
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ace  tension  greater  than  that  of  ethjlbenzene,  but  less  than 
hat  of  toluene. 

The  laws  which  underlie  these  phenomena  can  be  discovered 
»nly  when  the  data  are  much  more  numerous,  although  with 
he  above  liquids  irnportant  hints  are  given  as  to  how  those 
aw8  will  be  stated.  We  find  further  that  the  specific  gravi- 
ies  of  these  hydrocarbons  have  but  little,  if  any,  influence 
ipon  their  surface  tensions.  True,  the  differences  of  density 
ire  slight,  but  it  is  seen  that  benzene  with  the  greatest  and 
>-xylene  with  the  least  density  have  the  same  drop-size.  And 
igain,  the  weights  of  the  drops  of  toluene  and  ethylbenzene, 
liquids  of  almost  the  same  specific  gravity,  are  widely  different. 
Guthrie's  first  law,  as  stated  above,  seems  to  be  verified  by 
these  facts. 

Of  the  few  liquids  heavier  than  water  which  I  examined, 
the  majority  have  a  similar  constitution.  These  were  all  care- 
fully purified  and  only  portions  boiling  within  a  fraction  of  a 
degree  taken.  The  results  of  the  determinations  are  given  in 
Table  III.,  where  Column  I,  gives  the  name  and  Col.  II,  the  for- 
mula of  the  liquids.  The  specific  gravities  at  0°  for  the  most 
part  are  entered  in  Col.  Ill,  and  the  weights  of  drops  of  water 
in  the  organic  liquids  in  Col.  IV.  Cols.  V  and  VI  give  the 
weights  of  the  drops  of  the  liquids  into  water,  orifices  of  dif- 
ferent sizes  being  used. 

Table  III. 
I. 

Nitrobenzene 
Cirbon  disulphide 
Amyl  bromide 
Eihyl  bromide 
Benzene  bromide 
Cblorotbrm 
Ethylene  bromide 
Bromoform 

If  the  numbers  in  Cols.  V  and  VI,  be  plotted  as  ordinates 
and  the  corresponding  densities  as  abscissas,  the  resulting  curves 
will  be  seen  to  be  parallel,  showing  similarity,  as  might  be  ex- 
pected, in  the  results  obtained  with  different  sized  orifices. 

Regarding  Col.  II,  we  see  that  carbon  disulphide  and  amyl 
bromide,  liquids  of  the  same  specific  gravity,  have  the  same 
drop-size,  while  benzene  bromide  and  chloroform,  also  liquids 
of  about  the  same  density,  have  quite  different  drop  sizes.  A 
difference  in  the  chemical  constitution  of  these  last  two  bodies 
may  explain  their  difference  in  surface  tension ;  we  see  also 
that,  although  the  density  of  nitrobenzene  is  less  than  that  of 
imyl  bromide  and  carbon  disulphide,  its  drop-size  is  not 
rreater. 


II. 

III. 

IV. 

V. 

VI. 

C.H..NO, 

1-2 

0-0518 

0-0328 

cs. 

1-29 

0-0607 

0-0384 

0-0401 

C\H„  .  Br 

1-28 

0-0666 

0-0382 

0-0460 

CHBr 

1-47 

0-0236 

0-0182 

00221 

CH^.Br 

1-517 

0-0283 

00237 

0  0280 

CHCl, 

1-52 

0-0229 

00278 

0-0362 

C.H.Br, 

2-18 

0-0106 

00137 

0-0183 

CUBr 

2-83 

0-0069 

0-01 76 
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The  influence  of  the  specific  gravity  in  the  case  of  liqaid 
heavier  than  water  is  much  more  marked  than  in  the  case  oi 
those  lighter  than  it.  Thus  the  table  shows  that  with  the  ex 
ception  of  the  benzene  derivatives,  the  drop-sizes  diniiDisb 
quite  regularly,  as  the  specific  gravities  increase.  The  anomalj 
in  the  behavior  of  the  benzene  molecule  is  undonbtedlj  doe  to 
its  constitution. 

The  foregoing  work  was  performed  with  the  purpose  of 
developing  and  testing  methods^  rather  than  that  ox  accamaia- 
ting  data ;  it  is  to  be  regarded  as  a  series  of  "  orientation  "  ex- 
periments, which  have  shown  in  what  direction  it  is  l)e8t 
to  continue.  Investigations  of  this  sort  will  certainly  throw  a 
much  clearer  light  upon  the  nature  and  workings  of  the  molec- 
ular forces,  a  knowledge  of  which  is  of  the  greatest  importance. 

Chicago,  111. 
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by  Waldemar  Lindgren. 

General  Type. — Veins  and  seams  of  barite,  carrying  gold 
and  silver,  distributed  through  a  kaolinized  zone  in  diabase 
and  diabase  porphyrite. 

The  auriferous  deposits  of  California  have,  as  well  known, 
two  principal  iriodes  of  occurrence  :  Secondary  as  gold-bearing 
gravels  and  sands  of  Tertiary  or  Pleistocene  age,  and  primary 
as  fissure  veins,  largely  of  late  Mesozoic  age.  The  latter  occur 
in  great  variety  of  furniations,  but  on  the  whole,  avoid  tk 
large  granite  areas  and  seem  to  prefer  the  contact  of  sedi- 
njentary  slates  with  eruptive,  unaltered,  or  dynamically  meta- 
morphosed masses.  The  form  of  the  auriferous  veins  also 
varies  considerably  between  normal,  regular  fissure  veins  and 
networks  of  minute  irregular  fractures. 

AVith  all  diversity  in  surroundings  and  form,  the  vein  mate 
rial  or  ganguo  and  the  mineral  associations  are  simple  and  sub- 
ject only  to  rare  and  slight  variations.  The  gangue  is  nearly 
always  (juartz,  the  mineral  association  native  gold,  sulphidesof 
iron,  copper,  lead,  and  zinc, — frequently  also  arsenical  pyrites, 
rarely  tellurides.  Dolomite  and  calcite  accompany  the  quartz 
at  certain  veins,  but  even  then  the  quartz  is  usually  the  princi- 
pal ore  carrier.* 

*  Tlie  association  of  native  gold  with  oalcito  in  Shasta  (^ountv,  California.  Ua 
been  noted  )»y  Mr.  (i.  F.  Liecker  (Statistics  of  tlie  Precious  Metals,  Tenth  Censu! 
vol.  xiii.  p.  i\).  and  from  Trinity  <'ounty.  California,  by  Mr.  J.  S.  DiUer  (th 
Journal,  vol.  xxxix.  IS^O.  p.  IGO). 
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The  deposit  to  be  described  here  differs  strangely  from  the 
oommoD  type.  Pine  Hill  is  eitaated  about  eleven  miles  soutb- 
wathwest  of  tiraee  Valley,  in  Nevada  County,  and  a  few 
miles  north  of  Bear  River;  it  is  in  the  lower  roiling  foothills 
of  the  Sierra,  and  the  summit  of  the  little  knoll  bearing  the 
ibove  name  rises  to  eighteen  hundred  feet  above  the  level  of 
the  sea;  from  the  top  an  extensive  and  beautifnl  view  is  ob- 
tained westward  over  the  Sacramento  valley,  and  eastward 
toward  the  crest  of  the  snowy  range. 


szii  ^m    Esa   ^ 

Sketch  of  Pioe  Hill  and  vicLQitv.  Nevada  Co.,  Cal. 

Scale  2  inches  =  1  mile.     Contour  Interval  100  feet. 

A.  Diabase  or  Porphyrite.  B.  DeeompoBeil  Zone. 

C.  SerpentiDO.  D.  Quarliits  and  Slate, 

Toward  the  south  and  west  a  large  area  extends  occupied 
bj  massive  diabases  and  diabase  porphyrites  in  which  aurifer- 
om  veins  are  but  seldom  met  with  ;  to  tlie  east  of  Pine  Kill 
there  is  a  somewhat  complicated  area  of  quartzites  and  clay 
tiates,  serpentines  and  gabbros  sometimes  dynamically  metanior- 
phos^  and  containing  a  few  veins  of  gold  quartz,  usually  very 
capricions  as  to  the  distribution  of  the  metal.  A  part  of  this 
area  is  shown  on  the  sketch.  To  the  northwest,  beyond  the 
limits  of  the  map,  there  is  a  large  and  massive  area  of  granite, 
diorite  and  gabbro  with  very  few  auriferous  deposits. 

The  diabase  and  diabase  porpliyrite  which  form  the  prevail- 
JDg  rock  of  the  vicinity,  are  massive,  line  grained  and  not  a 
KtSe  affected  by  secondary  processes  giving  rise  to  uralite, 
chlorite,  gecondary  quartz,  etc.  The  diabase  porphyrites 
appear  to  prevail  along  the  crest  of  the  ridge,  of  which  Fine 
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Hill  forms  the  cumulating  point  Sarrounding  the  latter 
there  is  an  area  of  intense  decomposition,  somewhat  ill  de- 
fined but  approximately  one  mile  long  and  from  one  to  two 
thousand  feet  wide,  of  a  very  different  character  from  the 
ordinary  chloritization  and  uralitization.  The  rocks  within 
this  area  are  converted  to  a  soft,  porous,  reddish  brown  to 
yellowish  mass,  from  which  calcium,  magnesium,  iron  and  the 
alkali  metals  together  with  a  part  of  the  silica  are  removed  : 
the  ultimate  product  of  this  decomposition,  which  I  think 
should  be  regarded  as  having  been  effected  by  thermal  waters, 
alkaline  in  character,  is  a  soft  white  nearly  pure  kaolin*  or 
hydrated  silicate  of  aluminium.  If  there  exists  a  large  quan- 
tity of.  this  pure  white  kaolin  it  could  no  doubt  be  utilized 
for  keramic  art ;  the  somewhat  impure  substance  would  do 
very  well  for  the  manufacture  of  ordinary  pottery. 

In  many  places  the  jzone  of  decomposed  and  kaolinized 
diabase  is  impregnated  with  irregular  veins  and  seams  of  barite 
or  heavy  spar,  and  with  this  mineral  the  gold  is  closely  con- 
nected. The  largest  barite  mass  appears  on  the  northeast  side 
of  the  hill  and  about  three  hundred  feet  from  the  crest ;  a 
shaft  fifty  feet  deep  was  sunk  here  a  few  years  ago  and  some 
ore  extracted.  The  dt>posit  not  being  worked  at  the  time  of 
my  visit,  the  shaft  was  inaccessible.  It  did  not  appear  as  if  a 
well  defined  and  extensive  vein  of  barite  were  present,  but  ■ 
rather  as  a  local  enlargement  of  one  of  the  numerous  smaller 
irregular  barite  seams.  The  ore  on  the  dump  was  lai^ly 
composed  of  barite  mixed  with  limonite  and  decomposeJ 
country  rock.  Xo  sulpliurets,  hut  a  few  stains  of  sulphate  of 
copper  were  noticed.  Although  no  normal  vein  quartz  occurs, 
there  are  in  various  places  seams  and  smaller  masses  of  a  line 
granular  aggregate  of  quartzitic  appearance  but  doubtless  due 
to  secondary  processes.  Assavs  were  made  on  a  series  of 
specimens,  both  of  ore  aiul  country  rock,  by  Dr.  W.  H. 
Melville,  in  the  laboratorv  of  the  V.  S.  Geolo^rical  Survev. 
Special  precautions  were  taken  to  insure  correct  results  and 
the  exceptionally  ])are  litharge  used  contained  only  2  cents  of 
silver  to  the  Ua\. 

The  assavs  in  j^eneral  sh<>w  a  larije  relative  amount  of  silver 
— more  than  is  u>ual  in  the  gohl  quartz  veins.  The  proportion 
of  gold  to  silver  by  weight  varies  from  1  :  I  d»)wn  to  1  :  5,  or 
in  value  from  20  :  1  to  4  :  I.  The  metal  resulting  from  the 
reduction  of  this  ore  would  be  a  dore  bullion  similar  to  that 
yielded  bv  the  l>odie  \  Moiu>  County)  quartz  veins. 

The   assay  of  the   ore  fi;om  the  dump,  composed  of  barite 

■*ln  a  >^[K'oiiiuMi  i^'  tl.i<  whiro  sni'Stauoo  the  waier  \va.<  determined  quantiu- 
tivelv  bv  Dr.  K.  A.  Sohneider.  who  ohiaiued  uhiio^t  exaotlv  the  theoretical  amount 
for  kaohn.  viz:    l.V^  per  ei-nt  H.O. 
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nd  some  limonite,  gave  a  paying  amouDt  of  gold  with  silver 
a  the  proportion  of  1:2  by  weight ;  a  piece  of  very  pure 
Fhite  barite  selected  for  the  purpose,  and  shown  unaer  the 
aicroscope  to  contain  no  visible  gold  or  sulpharets,  gave  the 
ame  amount  of  gold,  but  much  more  silver,  the  proportion 
letween  the  two  metals  being  1 : 5.  Only  a  part  of  the  silver 
exists  as  an  alloy  with  gold,  for  a  pan  of  the  ore  washed  out 
Jive  a  considerable  quantity  of  qnite  yeUow  gold  in  very  fine 
particles ;  hence  it  may  be  permitted  to  snrmise  that  the  silver 
partly  occurs  as  a  chloride.  A  piece  of  barite  with  much  lim- 
onite  gave  an  exceptionally  high  return  with  but  little  silver, 
the  proportion  being  1:1. 

Near  the  crest  of  the  hill  there  are  several  little  prospect 
holes  in  the  decomposed  mass.  One  specimen  shows  a  brown- 
ish to  gray  compact  decomposed  rock  permeated  with  little 
seams  of  barite.  This  gave  0*063  oz.  gold  and  0*163  oz.  silver 
to  the  ton,  or  $1.26  in  gold  and  $0*16  m  silver,  the  proportion 
in  weight  being  about  1 :  3. 

A  specimen  from  the  summit  of  Pine  Hill  is  a  soft  crumb- 
ling mass  largely  composed  of  kaolin,  pink  or  yellow  in  color 
and  showing  on  fresh-fractured  surfaces  traces  of  the  grain  of 
the  original  rock.  It  was  not  expected  that  this  mass  would 
yield  any  results,  but  it  proved  to  contain  0*0375  oz.  gold,  and 
0"075  oz.  silver  per  ton,  or  respectively  $0.75  in  gold  and  $0.07 
in  silver.  No  barite  is  visible  in  the  rock,  but  a  quantitative 
determination  by  Dr.  E.  A.  Schneider  showed  it  to  contain 
0-34  per  cent  BaSO,. 

At  the  southeast  end  of  the  decomposed  area  a  shaft  has 
been  sunk  to  a  depth  of  abont  one  hundred  feet,  and  traces  of 
gold  are  reported  to  have  been  found. 

It  is  thus  reasonably  certain  that  this  whole  altered  mass  of 
diabase  and  porphyrite  is  auriferous ;  that  barite  in  very  vary- 
ing quantities  is  distributed  through  it,  and  that  the  quantity 
of  the  gold  contained  is  approximately  proportional  to  that  of 
the  barite,  or,  in  other  words,  that  the  barite  acts  as  the  car- 
rier of  the  gold.  The  primary  mineral  combination  was  prob- 
ably native  gold,  pyrite,  rich  silver  ores,  and  byite. 

Whether  the  kaolinized  zone  is  connected  with  large  fissures, 
it  is  not  possible  to  say  from  the  present  slight  underground 
developments ;  on  the  surface,  at  least,  there  are  no  indications 
of  such  a  connection,  yet  a  channel  nmst  have  existed  for  the 
passage  of  the  waters  effecting  this  far-reaching  alteration  of 
the  rocks. 

In  the  foothills  of  Yuba  County  and  also  in  massive  diabase 
there  is  a  zone  of  extreme  decomposition  resembling  some- 
Rrbat  the  one  here  described,  but  associated  with  a  considerable 
imount  of  secondary,  fine  grained,  quartzose  and  chalcedonic 


96         Cro98  and  JEakins — New  occurrence  of  Ptildiie. 

rocks.  The  larger  part  of  this  area  carries  minute  qaantities 
of  gold  and  silver,  the  latter  predominating,  the  ratio  being 
1 : 6  by  weight. 

Native  gold  is  but  seldom  associated  with  barite,  and  only, 
as  far  as  I  am  aware,  in  silver-gold  deposits  in  which  the 
former  metal  predominates.  Barite  is  a  rare  mineral  in  Cali- 
fornia, and  does  not  occur  in  the  normal  gold  quartz  veins. 
Native  gold  with  barite  is  mentioned  as  a  rare  occurrence  from 
southern  Colorado,*  and  Mr.  Hanks,  in  his  description  of  Cali- 
fornia minerals,t  refers  to  a  specimen  of  barite  with  gold 
from  the  Malakoff  hydraulic  mine,  near  North  Bloomfield, 
Nevada  County.  It  may  be  stated  in  this  connection  that 
there  is  a  deposit  of  barite  in  clay  slates  seven  miles  east- 
northeast  of  North  Bloomfield  and  cropping  out  on  the  North 
Bloomfield  ditch.  I  am  not  aware,  however,  that  it  contaiM 
any  gold. 

Another  instance  of  gold  connected  with  barite  is  found  in 
Yuba  County  at  the  junction  of  the  North  and  Middle  Yobi 
Rivers.  A  streak  of  chloritic  schist,  about  twenty  feet  wide, 
is  here  impregnated  with  pyrite  and  chalcopyrite  and  traversed 
by  seams  of  calcite  and  barite  carrying  the  same  minerals. 
The  brown  surface  croppings  carry  native  gold,  but  it  is  prob- 
ably all  derived  from  tiie  decomposition  of  the  pyrite. 

U.  S.  Grcological  Survey,  Washington,  D.  C,  April,  1892. 
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Cross  and  L.  G'.  Eakins. 

In"  this  Journal  for  Au2:ust,  1880,  we  described  the  first  ob- 
served  occurrence  of  a  new  hydrous  silicate  of  alumina,  lime 
and  alkalies,  to  which  we  gave  the  name  piilolite.  The  min- 
eral was  remarkable  for  its  high  percentage  of  silica,  the  analysis 
leading  to  the  fonnuhi  R'Al,Si,/)„^ .  511,0.  Inasmuch  as  the 
lolysilicic  acid  of  tliis  formula  was  elsewhere  unknown.  Prof. 
7*.   Groth:*:  expressed   the   belief   that   the   material   analyzed 


1' 


must  have  been  contaminated  with  chalcedony,  up(m  which 
the  ptilolite  was  deposited.  While  it  has  seemed  to  us  that  the 
care  exercised  and  the  method  used  in  the  puritication  of  the 
original  ptilolite  material  analyzed  must  exclude  the  possibility 
of  such  contamination,  we  are  glad  to  be  able  to  announce  a 
second   occurrence  of    this  interesting  mineral  the  investiga- 

*Se»»  tlie  interesting  paper  by  Mr.  R.  C.  Hills,  "Ore  Deposits  of  Summit  Dis- 
trict. (!)olora(lo.'"  Proc.  Col.  Seientitic  Soc,  vol.  i.  p.  24. 

f  Fourth  Annual  Report  California  State  Mining  Bureau,  p.  78, 
i  Tabellarisclie  Uebersichl  der  MiucralioD,  2d  ed.,  p.  149,  1889. 
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I  of  which  fully  confirms  the  earlier  analysis.     The  work  of 
V.  Pirsson*  upon  mordenite  has,  however,  fully  confirmed 

existence  of  silicates  with  the  ratio  between  silica  and 
%  which  was  found  in  the  original  ptilolite. 
i'he  new  occurrence  of  ptilolite  is  in  Custer  County,  Colo- 
0,  about  three  miles  southeast  of  the  mining  town  of  Silver 
Of.  The  rock  containing  the  ptilolite  occupies  but  a  few 
are  feet  of  surface  on  a  low  ridge  of  rhyolitic  breccia 
^hing  out  from  the  volcanic  center  of  the  Rosita  Hills,t 
.  we  are.  indebted  to  Mr.  Thomas  Charlton  of  West  Cliffe 

calling  our  attention  to  the  peculiar  and  seemingly  insig- 
cant  occurrence.  The  rock  is  a  dull  green  felsitic  mass 
taining  many  nearly  round  vesicles  most  of  which  are  less 
n  5""  in  diameter  while  a  few  are  somewhat  larger.  They 
upy  about  one-third  of  the  rock.  The  dull  green  mass 
►ves  on  microscopical  examination  to  be  a  completely  devitri- 
i  pitchstone,  and  it  is  probable  that  this  vesicular  rock  is  a 
(inant  of  the  upper  portion  of  a  rhyolite  flow  seen  at  a  lower 
el  near  by,  though  the  connection  is  covered  by  ''  wash  " 
i  soil.  The  rock  contains  few  phenocrysts  of  feldspar,  but  a 
idal  structure  curving  about  the  vesicles  is  distinct.  Devit- 
ication  proceeded  from  pearlitic  cracks. 
The  vesicles  of  the  rock  have  very  smooth  walls  and  most 
them  have  a  thin  crumbling  lining  of  a  pale  yellowish  or 
lite  substance.  A  few  cavities  contain  a  shell  of  pale  bluish 
istening  quartz  crystals  and  some  are  entirely  filled  by  this 
ineral.  More  abundant  than  the  quartz  is  a  colorless  or  pale 
ae  mineral  in  minute  thin  tablets  which  are  often  grouped  in 
eaves  or  bundles.  This  mineral  was  identified  as  barite  by 
eraical  analysis. 

Nearly  all  the  vesicles  contain  a  white  mineral  in  extremely 
inute  needles  which  form  a  loose,  felt-like  mass.  Usually 
ey  fill  the  cavity  and  with  a  curved  dissecting  needle  one  can 
ten  remove  a  little  white  ball  of  the  substance,  apparently 
jffectly  pure.  The  strong  resemblance  of  this  mineral  to 
e  ptilolite  of  Green  Mountain  was  evident  at  first  glance. 
Microscopical  study  of  the  needles  shows  that  they  are  trans- 
irent,  colorless,  seldom  more  than  •005™°'  and  often  less  than 
01""*  in  thickness.  Only  when  a  number  of  the  needles  are 
ranged  in  parallel  position  in  a  bundle  do  they  perceptibly 
Feet  polarized  light.  In  such  cases  they  extinguish  db  to  the 
ngth  axis,  and  by  the  aid  of  the  quartz  plate  a  negative  opti- 
I  character  can  be  made  out. 

^Oq  Mordenite,  this  Journal  vol.  zl,  p.  232,  1890. 

-  The  geolof^j  of  this  region  will  be  described  in  a  forthcoming  monograph  of 
U.  S.  Geological  Survey.    A  geological  sketch  of  the  Rosita  Hills,  by  Whit- 
D  Cross,  was  published  in  the  Proceedings  of  the  Colorado  Scientific  Society 
1890.  p.  269. 
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The  obtaining  of  material  for  chemical  analysis  was  in  this 
case  even  more  difficult  than  with  the  original  ptilolite.    AboDt 
six  cubic  feet  of  the  rock  was  broken  up  and  the  tufts  and 
balls  of  the  downy  mineral  removed   with  a  curved  needla 
After  several  days  work   with   an  assistant  an  amount  was 
obtained  which   on  final  purification  gave  a  trifle  over  half  a 
gram  of  pure  material.     This  final  purification,  as  in  the  case 
of  the  original  ptilolite,  was  made  by  stirring  the  mineral  in 
water,  breaking  up  the  felt-like  aggregates  as  far  as  possible, 
allowing  the  heavier  portion  to  settle,  and  pouring  off ;  this 
operation  being  repeated  upon  the  residue  until  most  of  the 
ptilolite  was  washed  out.    The  collected  washings  were  allowed 
to  settle  over  night,  the  bulk  of  the  water  syphoned  off,  and 
the  stirring  and  pouring  off    repeated  until  a   product  was 
obtained  in  which  no  gritty  substance  whatever  could  be  de- 
tected on  careful  testing  with  the  rounded  end  of  a  glass  rod. 
The  material  so  obtained,  after  drying  on  the  water  bath,  was 
left  loosely  covered,  exposed  to  the  air  for  several  days.    Dried 
for  eight  days  over  sulphuric  acid  it  lost  3*84  per  cent,  all  of 
which  was  regained  in  twenty-four  hours  in  the  air,  and  in  this 
condition  it  was  analyzed.     Like  the  original  mineral  this  new 
ptilolite  is  but  very  slightly  attacked    oy  hydrochloric  acid, 
and  the  prolonged  action  of  hot  concentrated  sulphuric  acid  is 
required  for  complete  decomposition. 

Analysis  and  ratios  (Analyst,  L.  G.  Eakins) : 

SiO, 67-8;'.                        1-131  10-1 

Al^O, 11-44                             -112  10 

C'a()    380  -059  ) 

K,()   0-04  -OCT-    -109  -9^      • 

Xa^O 2-03  -043  \ 

H.0 13-44                        '     -747  6-67 


99-2  S 


The  water  was  fractionated  as  follows : 

At   liO" 2-G2  -301  1-79 

IJ.')"^ 1-31  -073  -65 

.*U)0* 5-41  -301  2-69 

red  heat 3-10  -172  1-54 

13-44 
Loss  over   ir^SO^ 3-84  '213  -190 

For  c<>ni])arisu!i   witli  tlie  above,  the  analyses  and  ratios  oi 
the  original  ptilolite  and  of  mordenite  are  appended  : 
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Ptilolite,  Green  Mt,  Colo. 


?6.::: 

70-35 

10-06 

11-90 

1-00 

lb  .... 

3-87  ) 

,o  .... 

2-83  \ 

•96 

t:::. 

0-77  ) 

10-18 

4-86 

99-90 


Mordeoite  (L.  Y.  PirsBOo) 

SiOj 66-40 

A1,0,... 
Fe,0,... 
CaO.... 
MgO... 
K,0.-.. 
Na.O... 
H.O.... 


11-17  ) 
0-67  \ 
1-94  1 
0-17   I 
3-68   f 
2-27 

13-31 

99-41 


9-88 
1-00 


1-01 


6-60 


The  empirical  formula  derived  from  the  analysis  of  the  new 
dlolite  is:  R'Al,Si,o05^+6fH,0,  which  it  will  be  noticed  is 
le  same  a&  that  of  mordenite,  bat  as  Pirsson  has  already 
>inted  oat  (loc.  cit.),  the  two  minerals  are  physically  very 
nlike. 

The  two  ptilolites  themselves  are  entirely  similar  both  in 
leir  manner  of  occurrence  and  in  their  physical  properties. 
1  chemical  composition  the  only  difference  is  that  tne  new 
lineral  contains  3*26  per  cent  more  water  than  the  old,  with  a 
roportional  redaction  of  the  other  constituents  ;  the  molecular 
roportions  of  silica  and  bases  being  the  same  in  both  occur- 
ences. 

This  excess  of  water  may  possibly  be  accounted  for  by  the 
ifferent  conditions  under  which  the  two  minerals  were  anal- 
'zed.  The  original  analysis  was  made  in  Denver,  the  present 
»ne  in  Washington,  that  is,  one  in  a  very  dry,^  the  other  in  a 
'ery  damp  climate.  Both  minerals  were  air  dried,  and  as  both 
ividently  nold  a  considerable  part  of  the  water  very  loosely,  it 
eems  not  unreasonable  to  suggest  that  the  dry  Denver  atmo- 
phere  may  have  had  sufficient  desiccating  power  to  remove 
xirt  of  the  water  from  the  mineral  analyzed  there.  In  fact, 
m  account  of  this  atmospheric  difference,  water  determinations 
n  the  two  minerals,  especially  at  low  and  medium  tempera- 
:ares  would  hardly  be  directly  comparable,  since  it  is  now 
■ew^ized  that  at  a  given  temperature  the  relative  humidity 
rf  the  surrounding  atmosphere  may  markedly  influence  not 
Merely  the  rate,  but  also  the  total  amount,  of  loss  on  drying. 

The  fractional  determinations  in  the  new  ptilolite  show  that 
Ho  per  cent  of  the  water  is  stable  at  300°  C,  so  that  this  may 
)e  basic.  In  the  original  material  no  such  line  of  demarkation 
D  the  water  was  detected,  although  it  was  thought  then  that 
dScient  care  was  used,  but  one  important  factor  was  not  then 
0  well  recognized  as  it  is  now,  namely,  the  element  of  time  in 
lying  minerals  of  this  type,  and  it  may  be  that  time  enough 
al^  not  given  at  each  temperature  before  increasing  it     The 

Ajf.  JouB.  Soi.— Third  Siries,  Vol.  XLIY,  No.  260.— Auoust,  1892. 
7 


100        Cross  and  Edkhis — New  occurrence  of  PtUoliie. 

fact,  however,  that  a  comparatively  high  temperature  wa 
found  necessary  for  the  total  expulsion  of  the  water,  wouli 
render  it  easy  to  admit  the  possible  basicity  of  part  of  it  i 
case  other  considerations  made  such  an  admission  advisable  i 
order  to  construct  a  rational  formula  for  the  mineral. 

In  mordenite  no  attempt  seems  to  have  been  made  to  frai 
tionate  the  water,  except  to  determine  the  loss  (3*6  per  cent)  i 
100°,  so  here  we  have  no  evidence  as  to  whether  it  mav  t 
basic  in  part  or  not. 

The  fact  that  in  the  new  ptilolite  we  have  direct  evidenc 
that  a  definite  portion  of  the  water  may  be  basic,  and  that  n 
good  ground  against  such  an  assumption  exists  in  the  analje 
of  the  original  mineral,  makes  it  necessary  to  carefully  coi 
sider  this  point  in  any  attempt  to  theorize  upon  the  structiu 
of  the  ptilolite  molecule.  Prof.  Clarke  has  kindly  written 
note  on  the  theoretical  formula  of  ptilolite  and  of  the  allie 
mordenite,  which  appears  in  the  succeeding  pages. 

In  view  of  their  similar  mode  of  occurrence,  of  their  ident 
cal  physical  properties,  of  their  exact  chemical  agreemei 
except  as  to  water,  and  of  the  considerations  concerning  tl 
water  presented  above,  there  can  be  no  question  but  that  tha 
two  downy  minerals  belong  to  one  and  the  same  species- 
ptilolite. 

In  comparing  the  analyses  of  mordenite  and  the  two  ptil 
lites  a  great  variation  in  the  amounts  of  lime,  soda  and  potai 
is  noticeable.  In  mordenite  the  molecular  ratio  is  CaO :  K,C 
Ka,0  =1:1:1;  but  no  simple  ratio  exists  in  ptilolite. 

The  Green  Mountain  mineral  is  relatively  poor  in  soda,  tl 
Silver  Cliff  mineral  in  potash,  and  the  mordenite  in  lime,  fac 
which  seem  very  strange  when  we  consider  the  rocks  in  whi( 
the  minenils  occur.  Mordenite  occui-s  in  a  basalt,  but  is  riche 
in  potash  and  poorest  in  lime ;  the  original  ptilolite  occurs : 
an  andesite  of  medium  composition  and  is  poorest  in  soda;  ai 
the  new  mineral  occurs  in  a  devitrified  pitchstone  and  is  poore 
in  potash.  The  last  instance  is  most  remarkable,  for  the  pitc 
stones  of  the  region  about  are  usually  rich  in  potash  and  co 
tt^in  ])ut  very  small  amounts  of  lime.  Analysis  of  the  greenii 
felsitic  mass  in  which  the  ptilolite  occurs  shows,  however,  th 
the  entire  rock  has  in  this  case  undergone  a  decompositii 
which  brings  it  to  a  constitution  similar  to  that  of  ptilolil 
The  lime,  at  least,  of  this  ptilolite  was  not  derived  from  t! 
surrounding  rock,  unless  secondarily.  The  analysis  of  t 
rock  containing  the  ptilolite  of  Silver  Cliff  is  as  follo^ 
(Analyst,  L.  G.  Eakins) : 


Clarke — ConHitiUion  of  PtiloltU  and  Mardemte.      101 

SiO   65-67 

A1,0, 13-48 

Fe,0, 1-51 

MnO tr. 

BaO -32 

CaO 2-41 

MgO -31 

K,0 2-42 

Na,0 1-52 

SO. -28 

P,0, tr. 

H,0 12-27 

100-19 


PPBNDIX, — Note    on    the    Constitution    of   Ptilolite    and 

Mo7*denite ;  by  F.  W.  Clarke. 

The  data  given  in  the  foregoing  paper  by  Cross  and  Eakins, 
pecially  as  regards  the  dehydration  of  ptilolite,  lead  to  Quite 
nple  formulse  for  the  three  minerals  under  discussion.  The 
oment  that  we  recognize  the  fact  that  part  of  the  water  in 
icb  mineral  may  be  basic,  the  apparent  anomalies  disappear ; 
id  the  compounds  reduce  at  once  to  similar  salts  of  the  acid 
ySi,0„  which  acid  is  well  known  in  the  species  petalite  and 
lilante.  Both  ptilolite  and  mordenite  become  simply  repre- 
iotable  by  the  general  formula 

Al,(Si,OJ.R',  +  nAq. 

16  only  serious  uncertainties  being  in  respect  to  the  hydra- 
on. 

In  brief,  the  following  salts  appear  to  be  represented  in  the 
bree  minerals,  commingled  in  simple  ratios : 

1.  •        Al,(Si,0,),CaH,  .  3  aq. 

2.  Al,(Si,0  j.CaH,  .  6  aq. 

3.  Al,(Si,OJ,K,IL    .6aq. 

4.  Al,(SiA),Na,fl,.6aq. 

Three  of  these  are  entirely  alike  in  type  :  but  the  first,  con- 
lining  only  half  the  normal  quantity  of  crystalline  water,  is 
tsamed  in  order  to  account  for  the  low  hydration  of  the  orig- 
lal,  Green  Mt.  ptilolite.  Upon  this  basis  the  three  minerals 
vestigated  may  be  assigned  the  following  theoretical  com  po- 
tions : 

Ptilolite,  Green  Mt,  molecules  1  and  3,  in  ratio  of  3  :  •i 
"  Silver  Cliff         "  2    <'    4,       "        "1:1 

Mordenite,  "         2,  3,   4,      «         "1:1:1 


•    • 


IW 


•    '"'  ••: :     :      .••  ••:  •••  ":  :  •:    '•   *•'  *  .• 
.•  •.  V:  •*•: :     :      '.  :  V:  •.  .-   ':  :.• :  •  -•    •   •  • 

•  Cidrke^-^CbHgtituXidn  (^\Pttldliti  and  Jtardeniie. 


Redncing  soda  to  potash  in  the  Green  Mt.  ptilolite,  and 
potash  to  its  equivalent  of  soda  in  the  Silver  Cliff  minerals, 
and  recalcalating  to  100  per  cent,  we  get  a  fair  comparison 
between  the  actual  analyses  and  theory. 


SiO. 

CaO 
K,0 
Na,0 
H.0 


Ptilolite. 

Green  Mt. 

Silver  Cliff. 

Found. 

Calc. 

Found. 

Calc. 

70-15 

69-22 

68*45 

67-64 

11-86 

11-77 

11-55 

11-50 

3-86 

3-88 

3-35 

8-16 

3-98 

4-34 

^  ^  «  ^ 

A    «    w  « 

.... 

•  •  —  • 

3-09 

3-49 

10-15 

10-79 

13-56 

* 

14-21 

100-00  100-00  100-00  100-00 


In  mordenite,  reducing  Fe,0,  to  A1,0,  and  MgO  to  CaO, 
the  comparison  comes  out  as  follows : 


Found. 

Calc 

SiO, 
Al,6, 

66-88 

66-77 

11-62 

11-35 

CaO 

2-17 

2-07 

K,0 

3-62 

3-49 

Na.O 

2-29 

2-30 

H,0 

13-42 

14-02 

100-00  100-00 

Considering  tlie  scarcity  of  material,  and  the  difficulties 
attending  its  purification,  these  agreements  are  in  the  main 
satisfactory.  In  the  water  determinations,  however,  there  is 
an  uncertainty.  In  the  theoretical  composition  assigned  to  the 
Silver  Cliff  ptilolite,  one  seventh  of  tne  water,  a  triflfe  under 
two  per  cent,  is  basic.  But  3*10  per  cent  were  found  to  be 
stable  at  800°.  What  weight  can  be  assigned  to  this  discrep- 
ancy is  not  yet  determinable,  but  it  can  fiardly  be  regarded  as 
an  insuperable  objection  to  the  proposed  forniula^.  The 
general  character  of  the  salts,  their  essential  types,  seems  to  be 
fairly  well  established. 
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RT.  XIV. — The  separation  of  Magnesium  Chloride  from 
the  Chlorides  of  Sodium,  and  Potassium,  hy  m^ans  of  Amyl 
Alcohol ;  by  K.  B.  Biggs. 

This  separation  depends  on  the  insolubility  of  the  chlorides 
sodium  and  potassium  and  the  solubility  of  magnesium 
Joride  in  amy!  alcohol.  That  the  alkaline  chlorides  are  in- 
luble  in  this  reagent  has  already  been  shown  by  Gooch  in  his 
iper*  on  the  separation  of  sodium  and  potassium  from  lithium 
1  the  action  of  amyl  alcohol  on  their  cnlorides.  In  the  same 
iper  attention  is  also  called  to  the  solubility  of  anhydrous 
lagnesium  chloride.  The  difliculty,  if  there  be  any,  lies  in 
shydrating  this  chloride.  Attempts  to  dehydrate  magnesium 
iloride  by  direct  heat  result  in  a  more  or  less  complete  de- 
)mpositi()n.  This  is  also  found  to  be  the  case  where  the  salt, 
\  a  solution  containing  no  free  acid,  is  rendered  anhydrous  by 
leans  of  boiling  amyialcohol.  The  amount  decomposed,  in 
liis  latter  case,  is  however  relatively  small.  The  decomposi- 
ion  products  are  the  oxide  and  hydrochloric  acid.  It  is  there- 
ore  necessary  either  to  introduce  conditions  which  will  pre- 
ent  such  decomposition  or  to  find  a  means  of  redissolving  any 
xide  that  may  be  formed.  The  use  of  hydrochloric  acid  gas 
^as  deemed  impracticable.  To  use  the  acid  solution  was 
Bgarded  as  objectionablef  because,  in  so  doing,  water,  the 
ery  substance  to  be  driven  out,  would  be  brought  into  the 
)]ation.  Experiments  were  made  in  which,  after  the  water 
f  the  magnesium  chloride  solution  had  been  ijearly  or  quite 
xpelled  by  boiling  with  amyl  alcohol,  a  few  drops  of  benzyl 
bloride  were  added  and  the  dehydration  completed.  The 
Jt  dissolved  without  leaving  a  residue.  So  little  benzyl 
hloride  was  used  that  it  did  not  seem  probable  that  its  use 
ould  materially  affect  the  solubility  of  the  chlorides  of  potas- 
inm  and  sodium.  Working  on  this  supposition  a  senes  of 
Bparations  were  made  the  results  of  wliicn  are  given  below. 
Standardized  solutions  of  the  several  salts  were  used.  The 
)lution  of  magnesium  chloride  was  prepared  from  the  carbo- 
ate,  which  had  been  twice  precipitated  from  moderately 
rong  solutions  of  the  chloride.  The  chloride  thus  made  was 
ee  from  alkalies  and  wholly  soluble  in  amyl  alcohol.  The 
rength  of  this  solution  was  found  by  treating  weighed  por- 

♦  Am.  Chem.  Jour.,  vol.  ix,  p.  .'JS. 

f  This  objection  was  afterwards  found  to  be  groundless. 
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tions  with  sulphuric  acid  in  excess,  evaporating,  igniting  an 
weighing  as  sulphate.* 

The  potassium  chloride  was  obtained  from  the  chlorat< 
The  chloride  of  sodium  was  prepared  from  sodium  hydrat 
(obtained  from  sodium)  and  further  purified  by  precipitatio 
by  hydrochloric  acid. 

Both  solutions  were  standardized  by  evaporating  weighe* 
portions  to  dryness,  drying  at  about  300°  C.  and  weighing. 

The  solutions,  tlms  standardized,  were  found  to  contaii 
respectively  0*5293  grra.  NaCl,  0*5412  grm.  KCl  and  the  equi^ 
alent  of  0'4146  grm.  MgO  to  the  100  grams. 

Three  series  of  separations,  containmg  severally  mixtures  o 
magnesium  chloride  and  one  or  the  other  or  both  of  the  alb 
line  chlorides,  were  made.  The  solutions  were  evaporate( 
nearly  to  dryness.  The  residue,  if  any,  was  taken  up  with  thi 
smallest  possible  quantity  of  water  and  a  few  drops  of  hydrc 
chloric  acid.  30-40~  of  amyl  alcohol  were  then  addeu  an( 
the  water  was  expelled  by  bringing  the  alcohol  to  the  boilinj 
(128^-130°  C.)  Eight  or  ten  drops  of  benzyl  chloride  wer 
added  and  the  solution  was  evaporated  to  about  10**.  A  pei 
forated  crucible,  an  asbestus  felt  and  pressure  were  usea  ii 
filtering.  The  filtrate  was  transferred  to  a  weighed  platinun 
dish  and  the  alcohol  driven  off  by  evaporation  on  a  water  bath 
As  soon  as  the  solution  became  viscous  water  was  added  and 
the  evaporation  repeated.  The  residue  was  finally  taken  up 
with  water  and  sulphuric  acid  was  added  in  slight  excels. 
This  solution  was  evaporated  to  dryness  and  the  residue  ignited 
and  weighed  as  sulphate.  The  amyl  alcohol  precipitate  was 
dissolved  and  transferred  to  a  weighed  platinum  disb,  evapo- 
rated to  dryness  and  heated  in  an  air  bath  at  a  temperature  of 
about  300°  C.  and  weighed. 

The  solubility  corrections,  as  determined  by  Gooch,t  were 
introduced,  viz:  For  every  10"  of  amyl  alcohol  solution, ex- 
clusive of  washings,  0*00051  grm.  was  added  to  the  weight  of 
the  insoluble  chlorides  in  case  the  residue  was  potassium  chloride, 
0*00041  grm.  in  case  it  was  sodium  chloride  and  0*00092  grm.  in 
case  both  were  present.  Equivalent  amounts  were  taken  from 
the  weigbt  of  the  magnesium  sulphate. 

The  results  of  these  separations,  including  determinations  in 
many  cases  of  the  amounts  of  magnesia  carried  by  tlie  chloride 
precipitates,  are  here  given. 

♦Several  (loteriuiuations  aj»  pliospliate  wero  made  which,  though  agreeing 
to^rtlicT.  ^^avo  soinowhat  lower  results  than  were  obtained  by  weighing  the  mayr- 
nesiiini  as  sulphate.  This  may  l»e  due  to  impurities  in  the  chloride  or,  as  i? 
n.ore  pr()bahle.  it  may  1h'  owing  to  the  slight  solubility  of  tlie  phosphate 

f  Am.  Clu'in.  .T<»ur.,  vol.  ix.  p.  -1^. 
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3ight  of 
I  taken. 

Weight  of  KCl 
found. 

Corr.  weight 
of  KCl  found. 

Error  in  corr. 
weight  of  KCl 
found. 

Weight  of 
MgO  found 
in  KCl. 

grin. 

V.  grm. 

grm. 

grm. 

.    grm. 

0-1076 

0-1075 

01079 

0-0003  + 

0-0002 

0-1084 

0-1080 

0-1083 

0-0001  — 

trace 

0-1083 

0-1079 

0-1083 

0-0000 

0-0001 

0-1077 

0-1071 

01076 

0-0001  — 

0-0001 

0-1082 

0-1075 

0-1080 

0-0002  — 

0-0002 

01085 

0-1079 

0-1083 

0-0002  — 

notdet. 

0-1628 

0-1613 

0-1622 

0-0006- 

0-0004 

0-1630 

0-1614 

0-1622 

0-0008  — 

0-0003 

0-0109 

0-0106 

0-0110 

0-0001  + 

not  det. 

00116 

0-0114 

0-0118 

0  0002  + 

0-0001 

eight  of 
0  taken. 

Weight  of 
MgSOf  found. 

Corr.  weight  of 
MgSO*  found. 

Corr.  weight 
of  MgO*  found. 

Error  in  corr. 
weight  of  MgO 
found. 

grm. 

grm. 

grm. 

grm. 

grm. 

0-0092 

0-0278 

0-0274 

a-0091 

0-0001  — 

0-0094 

0-0275 

0-0272 

00091 

0-0003  — 

0-0417 

0-1249 

0-1245 

0-0415 

0-0002  — 

00421 

0-1264 

0-1259 

0-0420 

0-0001- 

0-0828 

0-2482 

0-2476 

0-0825 

0-0003  — 

0-0835 

0-2509 

0-2503 

00834 

0-0001- 

0-1662 

0-5008 

0-4998 

0-1666 

0-0004  -h 

0-1661 

0-4986 

0-4977 

0-1659 

0-0002  — 

0-0830 

0-2492 

0-2488 

0-0829 

0-0001  — 

0-0834 

0-2494 

0-2490 

0-0830 

0-0004— 

ight  of 
taken. 

Weight  of 
NaCl  found. 

Corr.  weight  of 
NaCl  found. 

Error  iu  corr. 
weight  of  NaCl 
found. 

Weight  of 
MgO  found  in 
NaCl. 

nn. 

grm. 

grm. 

grm. 

grm. 

0-1113 

0-1114 

0-1116 

0-0003  -h 

not  det. 

0-1066 

0-1061 

0-1065 

0-0001  — 

0-0002 

0-1066 

0-1058 

0-1063 

0-0003  — 

trace 

0-1064 

0-1056 

0-1062 

0-0002  — 

0-0001 

Error  in  oorr. 

eight  of  Weight  of  Corr.  weight  of    Corr.  weight  of    weight  of  MgO 

3  Uken.  MgSO*  found.  MgSO*  found, 

grm.  grm.  grm. 

0-0836  0-2496  0*2493 

0-0835  0-2504  0-2499 

0-1663  0-4979  0-4973 

0-1665  0-4977  0-4970 


MgO  found. 

found. 

grm. 

grm. 

0-0831 

0-0005  — 

00833 

0-0002  — 

0-1658 

0-0005- 

0-1657 

0-0008— 
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Weight  of 
KCl  taken, 
grm. 

(15)  0-0544 

(16)  0-0545 

(17)  0-1087 

(18)  0-1085 

(19)  0-1083 


Weight  of 

NaCl  taken. 

grm. 

0-0629 
0-0531 
01063 
01063 
0-1064 


Weight  of 
chlorides 

found. 

gnn. 

0-1066 
0-1068 
0-2131 
0-2122 
0-2118 


Corr.  weight 

of  chlorides 

found. 

gnn. 

0-1076 
0-1077 
0-2142 
0-2134 
0-2137 


Error  in  corr. 

weight  of 

chlorides 

found. 

gnn. 

0-0003  + 
0-0001  + 
0-0008  — 
0-0014 — 
0-0010 


Wei^tof 
MgO  found 
in  chlorides, 
gnn. 

trace 
O-OO04 
0-0002 
trace 
DOt  del 


Weight  of 
MgO  taken, 
grm. 

(15)  0-0827 

(16)  0-08S0 

(17)  0-1664 

(18)  0-1663 

(19)  0-1660 


Weight  of 
MgSO*  found, 
grm. 

0-2487 
0-2495 
0-5000 
0-5007 
0-5010 


Error  in  con. 
Corr.  weight  of    Corr.  weight  of    weight  of  MgO 


MgS04  found, 
grm. 

0-2475 
0-2484 
0-4987 
0-4995 
0-4987 


MgO  found, 
gnn. 

0-0825 
0-0828 
0-1662 
0-1665 
0-1662 


fouDd. 
gnn. 

0-0002- 
0-0002- 
0-0002- 
0-0002  + 
0-0002  + 


These  results  speak  for  themselves.  It  is  evident  that  we 
have  here  a  fairly  good  quantitative  method.  The  errors  are 
generally  negative.  This  is  to  be  expected.  The  large  n^ 
tive  errors  m  the  weights  of  the  insoluble  chlorides,  in  ex- 
periments (26)-(28),  are  probably  due  to  loss  from  manipulatioD. 
0*2  grams  of  either  the  insoluble  chlorides  or  magnesia  are 
perhaps  too  large  quantities  to  deal  with. 

10*^^  of  amyl  alcohol  hold  1*14  grm.  of  magnesium  chloride 
in  solution  at  14°  C.  and  1*23  grm.  at  50°  C.  In  the  majority 
of  the  experiments  the  residual  volumes  of  alcohol  were  less 
than  lO''^.  They  might  with  safety  have  been  further  reduced, 
thus  reducing  the  solubility  corrections. 

In  ex})oriments  (7),  (8),*  (13),  (14),  (18)  and  (19)  two  precipi- 
tations of  the  insoluble  chlorides  were  made,  decanting  the 
liquid,  washing  the  residue,  redissolving  it  and  repeating  the 
precipitation.  The  advisability  of  this  is  questionable.  A 
more  comj)letc  separation  may  be  thus  effected  but  the  possi- 
bilities of  loss  from  manipulation  seem  to  counterbalance  this 
advantage.  Almost  the  same  degree  of  completeness  of  sepa- 
ration may  be  attained  by  redissolving  the  precipitate  with  as 
little  water  and  acid  as  possible  and  repeating  the  precipitation 
in  the  original  solution. 

In  dehvdratinir  the  mixed  chlorides  it  was  noticed  that  the 
nature  of  the  ])recipitate  depended  much  on  the  relative 
amounts  of  the  mao:nesium  and  the  insoluble  chlorides. 
Roughly  speaking,  when  the  weight  of  magnesia  is  equal  to  or 
exceeds  that  of  the  insoluble  chlorides,  the  precipitate  is 
thrown   out  as  a  fine  powder.     When  however  the  insoluble 
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blorides  are  greatly  in  excess,  the  tendency  to  obey  the  laws 
1  accordance  with  which  they  crystallize  asserts  itself  and  we 
ave  a  more  or  less  coarsely  granular  deposit.  This  is  espe- 
ially  true  in  the  case  of  sodium  chloride.  These  facts  have  a 
•earing  on  the  question  of  completeness  of  separation. 

Consider  the  amounts  of  magnesia  found  in  the  alkalies. 
?hey  bear  no  relation  to  i;he  amount  of  magnesium  chlorides 
Dvolved.  It  seems  probable  that  the  magnesia  there  found 
las  been  carried  mechanically,  and  that  it  is  not  there  as  the 
esult  of  decomposition.  How  can  we  better  explain  the 
inding  of  magnesia  in  the  insoluble  chlorides  of  experiment 
[1)  where  but  9  mgrm.  of  magnesia  were  involved.  Here  it  is 
essentially  the  result  of  inclusion. 

The  desirability  of  adding  water  to  the  amyl  alcohol  solution 
of  magnesium  chloride  before  completing  the  evaporation  is  to 
be  emphasized.  By  so  doinff  it  is  possible  to  expel  the  alco- 
hol so  completely  that  even  those  experiments  where  there  was 
the  maximum  amount  of  magnesia  gave  no  trouble  from  car- 
bonization. 

In  adding  sulphuric  acid  a  great  excess  is  to  be  avoided.  In 
the  above  experiments  about  twice  the  amount  demanded  by 
theory  was  used.  The  result,  in  the  end,  is  economy  of  time 
and  less  danger  of  loss.  It  is  better  to  add  sulphuric  acid  a 
second  time  and  repeat  the  evaporation,  ignition  and  weighing. 
In  the  experiments  involving  an  amount  of  magnesium  equiva- 
lent to  0'16  grm.  of  the  oxide,  the  ignited  sulphate  was 
fonnd  in  a  few  instances  to  increase  its  weight  after  a  second 
treatment  with  sulphuric  acid.  The  lesser  amounts  were 
almost  without  exception  wholly  converted  into  the  sulphate 
by  a  single  treatment. 

In  the  course  of  the  work  it  was  found  that  amyl  alcohol 
and  concentrated  hydrochloric  acid  mix  in  all  proportions. 
Forthermore  if  amyl  alcohol  containing  but  a  small  quantity 
of  the  acid  be  boiled  down  to  but  a  small  fraction  of  its  origi- 
nal volume  the  residue  contains  chlorine  in  some  form.  30" 
of  the  alcohol,  to  which  0*2^  of  concentrated  hydrochloric  had 
been  added,  having  been  reduced  to  2"  gave  a  decided  test  for 
chlorine.  This  suggested  the  possibility  that  the  use  of  benzyl 
chloride  was  unnecessary.  For,  if  amyl  alcohol  mixes  with  the 
concentrated  acid  and  on  being  evaporated  retains  more  or  less 
of  it  to  the  last,  the  conditions  which  would  prevent  the  de- 
composition of  magnesium  chloride  are  maintained.  The 
easy  solubility  of  the  anhydrous  magnesium  chloride  is  beyond 
^oestion.  Possibly  then,  in  the  above  experiments,  the  addi- 
tion of  benzyl  chloride  was  uncalled  for  as  in  everv  case 
iydrochloric  acid  had  been  previously  added  to  the  salt  solu- 
1009.     To  decide  the  question  a  few  separations  were  made 
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without  the  benzyl  chloride.     Otherwise  the  conditioofi 
methods  were  the  same. 


Error  in  corr. 

Weight  of 
KCl  taken. 

Weight  of 
KCl  found. 

Corr.  weight  of 
KCl  fouod. 

weight  of  KCl 
fouud. 

Weight  0 
found  ii 

grm. 

grja. 

grm. 

grm. 

% 

(20)  0-1079 

0-1078 

0-1082 

0-0003  -f 

ti 

(21)  0-1081 

0-1074 

0-1079 

0-0002  — 

ti 

(22)  0-1081 

0-1076 

0-1080 

0-0001  — 

0 

(23)  0-1080 

0-1074 

0-1079 

o-oooi  — 

0 

(24)  0-1080 

(25)  0-1076 

0-1071 

0-1079 

0-0001- 

0 

01061 

0-1070 

0-0006  — 

0 

Error  in  corr. 

Weight  of 
NaCl  taken. 

Weight  of 
NaCl  found. 

Corr.  weight  of 
NaCl  found. 

weight  of  NaCl 
found. 

Weight  0 
found  in 

grm. 

grm. 

grm. 

grm. 

grc 

(26)   0-1582 

0-1576 

0-1583 

O-OOOI -f 

t 

(27)  0-1591 

0-1576 

0-1582 

0-0009— 

t 
Error  ii 

Weight  of 
MgO  taken. 

Weight  of 
MgSO«  found. 

Corr.  weight  of 
MgSO*  found. 

Corr.  weight  of 
MgO  found. 

weight  o: 

f0UD< 

gnu. 

grm. 

grm. 

grm. 

m 

(20)   0-0419 

0-1250 

0-1245 

0-0415 

0-OC 

(21)   00418 

0-1262 

0-1257 

0-0419 

o-oo 

(22)   0-0835 

0-2508 

0-2504 

0-0835 

OOO 

(23)   0-0827 

0-2498 

0-2493 

0-0831 

0-OC 

(24)   ()-1665 

0-4996 

0-1987 

0-1662 

0-OC 

(25)   0-1667 

0-5005 

0-4995 

0-1665 

0-OC 

(26)   0-1669 

0-5009 

0-5001 

0-1667 

0-OC 

(27)   0-1662 

0-4980 

0-4973 

0-1658 

0-OC 

It  is  evident  that  the  benzyl  chloride  is  not  needed,  fui 
that  its  presence  in  the  solution  is  harmless. 

Suriiiiiary. — In    separating   magnesium   chloride   from 
chlorides  of  sodium  and  potassium,  the  treatment  is  as  foil 
evaporate  the  solution  nearly  or  quite  to  dryness.      Dia 
the  residue  in  as  little  water  as  possible  and  add  a  few  dro 
hydrochloric  acid.      Then  add   30-40*^°  of   amyl  alcohol 
expel  the  water  by  bringing  the  alcohol  to  the  boiling, 
tinue  the  boiling  until  the  volume  of  the  solution  is  red 
to  10'^''  or  even  considerablv  less.     In  filterine:  it  is  of 
advantage  to  use  a  perforated  crucible  and  an  asbestus  fel 
to  iilter  under  pressure.     In  case  the  total   chlorides  e: 
0-2  grm.  it  may  be  advisable  to  decant  the  liquid,  wasl 
residue,  redissolve  and  repeat  the  precipitation.     If  this  b 
done  the  precipitate  should  be  redissolved  with  the  least 
l)le  quantity  of  water,  a  few  drops  of  hydrochloric  acid  i 
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and  the  precipitation  repeated  in  the  original  solution.  The 
filtrate  is  transferred  to  a  weighed  platinum  dish  and  evapo- 
rated. Water  is  added  before  the  alcohol  has  been  expelled 
and  the  evaporation  continued.  The  residue  is  dissolved  in 
water.  Sulphuric  acid  is  added  in  slight  excess.  This  solu- 
tion is  evaporated  to  dryness,  the  residue  ignited  and  weighed 
and  the  treatment  with  sulphuric  acid  is  repeated.  The  resi- 
due of  insoluble  chlorides  may  be  transferred  to  the  weighed 
perforated  crucible  and  dried  at  a  temperature  below  their 
melting  points  or  it  may  be  dissolved  and  the  solution  trans- 
ferred to  a  weighed  platinum  dish,  evaporated  and  the  residue 
dried,  as  above,  and  weighed. 

Chemical  Laboratory,  Trinity  College, 
Hartford,  April,  1892. 


Art.    XV. — The   Great  Shear-zone   near    Avalanche    Lake 
in  the  Adirondack^ ;  by  J.  F.  Kemp. 

Ix  July,  1889,  the  writer  was  in  the  region  of  Lake  Cham- 
plain,  accompanied  by  V.  F.  Marsters,  while  gathering  notes 
upon  the  igneous  dikes  so  plentiful  along  its  shores.*  Our 
attention  was  directed  to  the  great  trap  dike  which  is  recorded 
near  Avalanche  Lake  in  the  Adirondacks,  and  we  made  a  trip 
into  the  woods  to  examine  it.  Although,  when  viewed  from  a 
distance  this  rock  mass  appeared  as  an  undoubted  dike,  ^et  as 
soon  as  it  was  examined  in  a  hand  specimen  on  the  spot,  it  was 
pronounced  at  once  to  be  no  true  intrusion,  but  to  constitute  a 
8hear-zone,t  or  zone  of  wall  rock,  dynamically  metamorphosed 
along  a  fault.  Subsequent  microscopic  examination  has  cor- 
roborated this  view  ana  the  case  in  point  is  an  interesting  and 
somewhat  unique  exhibition  of  this  phenomenon. 

Avalanche 'Lake,  a  small  body  of  water,  is  the  very  head  of 
one  of  the  feeders  to  the  Hudson  Kiver.  The  pass  by  which 
it  is  reached  from  the  north  is  on  the  watershed  which  diverts 
the  northerly  drainage  into  the  Ausable  River.  The  pass 
opens  directly  into  the  Lake,  which  is  fed  by  springs.  It  is  a 
narrow  cafLon  between  vertical  walls  of  massive  rock  similar  to 
the  better  known  and  larger  Indian  Pass  farther  west.  It  is 
five  miles  into  the  woods  from  the  Adirondack  Lodge.     On  the 

*A  short  digest  of  our  results  has  appeared  iu  the  Transactions  of  the  New 
Tork  Academy  of  Sciences,  toI.  xi,  p.  13,  1891.  A  full  account  will  be  printed 
liiewbare. 

f  For  Iha  use  of  this  term  compare  Ch.  Callaway.  On  the  secondary  minerals  at 
liMur  xooeB,  in  the  crystalline  rocks  of  the  Malvern  Hills,  Quart.  J.  Geol.  Soc, 
jiog.  1889. 
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weet  of  the  lake  is  Mt.  Mclntyre,  on  the  east  are  IfL  Colden 
and  Avalanche  Mts.,  which  two  are  separated  bj  the  shew- 
zone.  The  twin  mountain  ie  also  called  Mt.  McMartin.  Tbe 
lake  and  euppoBed  dike  were  early  discovered  and  recorded  in 
connection  with  the  mining  enterprise  that  was  started  at  Like 
Henderson  a  few  miles  south.*  The  neighboring  monntaini, 
Colden,  HcMartin,  etc.,  were  named  from  the  promoten  of 
the  mining  enterprise.  Kedfield  records  that  both  the  ex- 
peditions were  acconi])anied  by  one  of  the  recently  appoiuttd 
btate  geologists,  the  hrst  hy  James  Hall,  and  the  second  1^ 
E.  Emmons. 

The  accompanying  sketch   has  been  traced  directly  from  i 
photograph,  taken  from  a  point  of  view  across  the  fake.    It 


and  the  first  micru-drawiiig  were  kiuiHy  made  by  Mr.  Artlur 
llolliek,  A  skftcli  wlik-li  Imt  remotely  resembles  the  original 
is  given  liy  Eluihoiis  in  liij;  roport,  p.  2i5(aUo  Ann.  Rep.  1^3S, 
Atlas,  plate  4.)  The  two  peaks  are  dome-shaped  knobs  of 
massive  rock,  practieallv  bare  of  vegetation  and  cleft  from 
base  to  SLiiiimit  bv  tbe  ^o-ealle<l  dike.  Tlie  latter  forms* 
reeesa  wliicli  is  deeper  at  the  lake  tiian  at  the  summit.     At  the 

'W.  C.  Re,llk.|d-  J^ompnmnmt  of  m-nvisili  to  ihe  Mountains  of  Kseei  Co..  K. 
Y..  183e-37.  elf,  tlii^  .Imini..  I.  ix.xiii.  :<ol.  jieoond  Ann.  Itop.  S.  V.  SM» 
Suri-ey,  ISSfi.  p.  rib:  Alius  |>lnte  IV,  Kiiimonss  Kioal  Rpu.  on  the  Sod  DiR, 
p.  215. 
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e  it  is  75  feet  acroes.  The  walls  are  vertical.  The  so-called 
e  terminates  in  the  lake  where  it  is  donbtlees  cat  off  by  the 
SB  fault  that  outlined  the  pass.  It  strikes  N.  50-60  W. 
The  general  rock  of  the  monntainB  is  a  lighter  colored  variety 
the  plagioelase  rock  which  is  commonly  but  not  always  cor- 
tly  called  norite.  Sections  from  the  wall  of  the  pass  show 
jse  pla^oclase  in  mnch  the  largest  part,  with  which  is  prob- 
y  a  little  orthoclase.  The  feldspar  contains  many  mmnte 
lofiions  which  are  probably  email  crystals  of  the  dark  silicates 
1  iron  ores,  exhibiting  thus  a  common  character  of  the  feld- 
in  of  rocks  belonf^ng  to  the  gabbro  family.  The  dark  sill- 
«  18  a  brownish  green  hornblende  of  Btrong  pleochroism. 
occurs  in  shreds  and  irregular  masses.  Rather  more  abnnd- 
t  is  a  colorless  enstatite  of  massive  habit.  The  slide  gives 
idence  of  dynamic  fractnres  and  strains,  but  is  far  less  broken 
an  the  rock  of  the  shear-zone.  The  somewhat  parallel 
rangement  of  the  hornblende  occasions  a  very  coarse  gneissic 
•ncture.  Under  the  microscope  the  enstatite  follows  a  similar 
liation.  A  slide  from  the  north  wall  of  the  shear-zone  ex- 
bits  much  the  same.  It  is  chiefly  plagioelase,  with  a  little 
iroblende,  enstatite  and  a  little  magnetite.  The  plagioelase 
IS  Bufiered  some  dynamic  strains  and  shows  faulting  of  twin 
.mellse.  Figure  2  is  a  drawing  with  the  camera  lucida.  The 
eavy  outlines  mark  the  crystal  boundaries  as  seen  without 
roesed  nicols.  after  which  the  twinning  has  been  put  in.  The 
learages  indicjite  the  bieilicates,  the  rhombic  is  hornblende, 
he  rectangular  enstatite. 


The  rock  of  the  shear-zone  is  dark  gray  in  color  and  con- 
uted  with  the  walls  which  are  lighter.  It  thus  resembles 
ip.  In  the  hand  specimen  it  is  seen  at  once  to  be  largely 
ade  np  of  garnets  and  this  fact  cast  the  first  doubt  on  its 
Qeoos  character.    It  also  has  the  appearance  of  a  rather  mas- 
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sive  hornblende  schist  or  of  a  gneiss.     Chips  were  taken  from 
the  edge  of  the  zone  and  at  intervals  of  ten  feet  across.     They 
sliow  some  slight  variations  in  mineralqncd  compoatioii  bat 
they  are  essentially  all  the  same  rock.     There  is  no  evidence  of 
the  common  chilling  along  the  walls  and  coarser  crystallization 
in  the  center,  such  as  we  see  in  dikes,  but  the  structure  is  quite 
uniform  throughout     The  rock  consists  of  broken  irr^lar 
masses  of  plagioclase,  0'l-0'5™%  of  shreds  of  hypersthene,  green, 
non-pleochroic,   monoclinic  pyroxene,  pink  garnet,  greenish- 
brown   hornblende,   biotite  and   magnetite.     The   individoal 
minerals  are  nearly  in  this   order  of  abundance,  but  in  the 
aggregate  the  dark  silicates  far  surpass  the  feldspar.     This  U 
shown  in  fig.  3.     The  first  four  named,  including  plagiodase, 
are  in  excess.     The  plagioclase  frequently  shows  abundant  evi- 
dence   of  crushing  and   indeed   as  fig.   8,  indicates  all  the 
minerals  are  irregiuar  and  broken.     Fig.  3,  was  drawn  with  a 
camera  lucida.     The  actual  field  is  4™".     The  impossibility  of 
indicating  in  faithful  line  work  the  differences  of  the  minerals 
has  prompted  putting  initials  on  them.     G  is  garnet;  F,  feld- 
spar; A,   amphibole;    H,  hypei*sthene ;   B,   biotite  and  the 
hachures  are  uniform  for  each. 

The  hypersthene  with  pink  to  green  pleochroism  repeatedlj 
passes  into  garnet  which  has  a  tmt  much  like  its  pink  Tlie 
same  cracks  run  through  both  and  it  is  not  always  possible  to 
bo  sure  when  the  pink  shows,  which  mineral  is  present,  nntil 
either  the  pleochroism  or  the  isotropic  character  is  proved 
Two  such  are  shown  in  fig.  8,  one  in  the  center,  one  in  the 
lower  right-hand  quadrant.  Pleochroic  hypersthene  passes  in 
a  similar  way  into  non-pleochroic  pyroxene.  The  same  cleav' 
age  cracks  pierce  both,  but  the  extinction  angles  are  different, 
rising  in  tlie  latter  to  various  angles  from  27°-44°.  In  in- 
stances the  hornblende  seems  also  to  have  resulted  from  the 
hypersthene.  Biotite  favors  the  neighborhood  of  magnetite, 
but  in  tig.  8  is  sliown  cutting  a  garnet  mass  in  two.  It  is  com- 
paratively rare. 

It  niav  ])e  said,  therefoi*e,  that  in  the  walls  we  have  a  coarselv 
crystalline  rock,  containing  plagioclase,  hornblende  and  mag- 
netite, but  chiotly  tlie  first  named.     In  the  shear-zone,  the  dark 
silicates,  hy}>ersthene,  green  monoclinic  pyroxene  and  garnet 
are   collectively  most  abundant  and  with  them  is  considerable 
plagioclase,  a  little   hornblende,   biotite  and  magnetite.    The 
hypersthene   passes  into    the    monoclinic    pyroxene    and  into 
garnet  both  oi  which  are  considered  to  \ye  derived  from  it. 
That  the  feldspar  has  also  helped  to  furnish  these   minerals, 
probably  by  Ct»ntributions  of  calcium  and  aluminium,  is  a  well- 
nijxh   irresistible  conclusion  from  the  wav  it  is  distributed  in 
isolateil  jKitches  through  them     Dynamic  effects  are  abundant. 
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Che  strip  of  the  shear-zone  may  have  been  more  basic  origi- 
lallj  than  the  walls,  and  may  have  contained  more  bisilicates 
»r  else  infiltration  has  rendered  it  more  basic.     Alternations 
'rom  light  to  dark  so-called  norite  are  not  uncommon  in  the 
Doon tains,  especially  where  the  rocks  are  s^neissoid.      Being 
lynainically  aflfected  by  faulting  its  minerals  were  crushed  to 
he  shreds  in  which  we  now  see  them  and  the  secondary  ones 
'eeulted.     The  hypersthene  is  regarded  as  an  original  mineral 
)ecau6e  it  is  abundant  in  the  less  disturbed  districts  and  is  a 
nore  distinctively  igneous  mineral  than  those  derived  from  it. 
X  cannot  be  denied,  however,  that  the  sheared  zone  may  have 
}een  an  original  dike.     If  so  its  mineralogy  and  structure  have 
>een  completely  reorganized.     So  far  as  observations  go,  dia- 
base dikes  are  quite  plentiful  in  the  outskirts  of  the  mountains, 
t>ut  in  neither  .of  tnese  characters  does  the  shear-zone  bear 
indication  of  ever  having  been  diabase.     The  dynamic  meta- 
morphism  of  diabase  has  been  shown  in  numerous  instances  in 
this  country  and  abroad  to  yield  amphibolites.     The  shear-zone 
is  more  like  an  eklogite  than  anything  else.     Moreover  an 
intrusion  of  norite  as  a  dike  is  a  new  phenomenon  for  this 
re^on  whose  noritic  exposures  are  singular  massive  or  gneis- 
soid  and  send  out  so  far  as  known,  no  dikes  whatever.     It  is 
stated  by  Bedfield  that  other  and  smaller  dikes  similar  to  the 
large  one  occur  on  Mt.  Mclntyre  and  frequently  appear  in  the 
beos  of  brooks.     He  refers  the  lines  of  drainage  to  the  greater 
relative  decomposition  of  the  supposed  dikes.     While  no  other 
one  was  seen  by  the  writer  which  would  be  analogous  to  the 
sbear  zone,  these  smaller  occurrences  ought  to  prove  to  be 
diabase  or  some  similar  rock  if  they  really  are  intrusions. 

k.  mineral  aggregate  similar  to  that  of  the  shear-zone  was  met 
on  Trembleau  Point  just  south  of  Port  Kent,  and  in  the  rail- 
ways cuts.  The  country  rock,  which  contains  coarse  plagio- 
dase  and  monoclinic  pyroxene  as  well  as  hypersthene,  passes  at 
times  into  dark,  gneissoid  bands,  easily  mistaken  at  first  glance 
for  trap  which  also  seams  the  cuts  in  all  directions.  In  the 
sKdes  tnese  bands  are  practically  identical  with  the  Avalanche 
shear-zone  although  at  times  containing  more  biotite.  They 
make  no  recesses  because  freshly  exposed. 

A  case  of  a  shear-zone  was  also  met  at  Hammondville  in 
the  No.  7  slope  of  the  iron  mines.  The  workings  run  down 
foUowing  a  bed  of  magnetite,  for  700-800  feet.  They  pene- 
trate three  narrow  diabase  dikes,  by  each  of  which  the  ore  is 
£uilted  about  16  feet.  The  workings  finally  met  another  dark 
•trip  and  the  ore  was  cut  off.  A  specimen  was  gathered  under 
llie  impression  that  it  was  trap,  but  the  section  shows  crushed 
remnants  of  the  gneiss  which  is  the  wall  rock.  It  is  mostly 
ehloritic  alteration  products,  with  shattered  and  strained  grains 
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of  quartz,  sheared  micas  and  recognizable  fragments  of  plagio> 
clase  in  the  midst  of  decomposition  material  famished  bj 
them.  As  the  fault  was  in  a  different  kind  of  rock  from  the 
shear-zones  in  norite,  its  products  are  somewhat  different,  and 
the  great  proportion  of  hjdrated  silicates  give  the  impression 
that  the  shear-zones  earlier  described  may  be  the  result  of  t 
secondary  metamorphism  which  the  one  at  Hammondville  has 
not  experienced.  This  fault  broke  the  ore  and  drill  holes  have 
failed  to  find  it  again.  Experience  in  mining  the  adjacent 
Penfield  bed  has  shown  that  the  ore  is  cut  off  where  the  work- 
ings extend  under  a  neighboring  gully,  and  suggests  that  these 
topographical  features  are  dae  in  instances  at  least  to  fa  nits. 
Such  an  explanation  has  proved  true  in  many  regions  else- 
where* and  will  probably  be  applicable  to  some  valleys  of 
large  size  in  the  Adirondacks. 

Crushed  strips  along  faults  are  well  known  in  mining  dis- 
tricts and  have  often  furnished  the  receptacles  for  ores,  as  at 
Butte,  Montana.f  The  drift  of  modem  opinion  refers  to  them 
an  increasing  number  of  so-called  fissure  veins.  Where  condi- 
tions are  unfavorable  for  vein  formation  dynamic  metamor- 
phism result*.  The  work  of  Lossen,  G.  H.  Williams,  Teall 
and  many  others  has  shown  the  widespread  effects  of  dynamic 
metamorphism,  but  a  somewhat  careful  review  has  failed  to 
reveal  descriptions  of  any  instances  of  such  restricted  effect 
and  such  mineralogical  results  as  are  exhibited  on  Avalanche 
Lake. 

Geological  Laboratory,  Columbia  College. 
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L.  Wells  and  S.  L.  Penfield. 

DuRixCr  the  summer  of  1S91  we  received  from  Mr.  L  K. 
Stone  of  Paris,  ^[aine,  a  small  mineral  specimen  for  identifica- 
tion. The  unknown  mineral  consisted  of  a  few  yellowish 
white  crystals  on  alhite.  Thev  were  about  3-5™"  in  length  and 
their  total  weiirht  probahly  did  not  exceed  2  or  3  grams.  Mr. 
Stone  stateil  that  this  was  the  only  specimen  of  the  minenU 
tliat  had  been  found,  and  that  it  was  discovered  in  189(>  at  the 
pollueite  locality  in  Hebron. 

A  juvliminary  examination   proved   that   the  mineral  was  a 
pliosphate,  verv  slowlv  soluble  in  hydrochloric  acid  and  vield- 

*.I.  11.  Kiiiahnn.  Wil.eys  and  their  Ro'.aiions  to  Fissures,  Fractures  and  Faulte. 
I.omlon  :    TrulMUT  \  (\». 

I  S.  F.  KuHnon>j.  Xi^ii'<  on  tlie  (tev.Okry  of  Rutio,  Trane.  Inst.  Min.  Eug..  July. 
K*<S7.  and  Sinioturai  Relations  of  i^re  I>ejK>sit8,  idem,  ivi,  804. 
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arly  neutral  water  in  a  closed  tube.  The  latter  reaction 
reW  diflEerent  from  that  of  the  Stoneham  herderite,  which 
oft  very  acid  water  and  etches  the  glass  decidedly. 
3  the  blowpipe  in  the  platinum  forceps  it  turned  white, 
;ed  and  fused  at  about  3  to  a  white  enamel,  coloring  the 
very  pale  green.  Only  a  few  fragmentary  crystals  could 
md  wnich  were  suitable  for  measurement  The  crystals 
le  habit  shown  in  the  accompanying  figure.  They  were 
ed  80  that  only  the  faces  at  one 
nity  of  the  macro-axis  were 
>p^  and  were  grouped  in  nearly 
el  position  but  with  the  basal 
\  slightly  divergent. 
5  forms  which  were  observed  are : 

001,0;  m,  no,  I;  n,  331,  3  and  3',  332,  | 

J  basal  planes  were  irreffular  and  yielded  no  satisfactory 

;ion8  of  the  signal,  while  m  and  q  were  small  and  fre- 

ly   wanting.     All   of  the   faces  except  c  were   usually 

A. 

5  measurements  which  were  made  are  given  below.     The 

ated  values  are  derived  from  the  axial  ratio  established  by 

E.  S.  Dana*  from  the  Stoneham  herderite. 


All,  331a33I=  45'  V 
aH,  331  a331=*102*22' 
^m,  331  A  110=  22*  14' 
^g,    331  A  332=      16*50' 

rderite  was  not  suggested  to  us  by  the  preliminary  exami- 
],  and  the  measurements  showed  such  a  close  relation  to 
agles  of  childrenite,  that  we  fully  expected  the  mineral  to 
me  new  variety  of  the  latter,  possibly  a  beryllium  chil- 
te.  It  was  not  till  the  results  of  the  quantitative  analysis 
obtained  that  we  became  aware  of  the  true  character  of 
lineral. 

e  similarity  in  crystalline  form  between  childrenite  and 
^rite  is  as  follows : 

Childrenite.  Correepondlng  forms  on  herderite. 

6,     010,  t-l  c,     001,  0 

101,1-1  w,     110,1 

i>,     HI,  1  n,     331,  3 

*,     121,  2-2  g,     332,  J 

Childrenite  a\h'.c^  -7780:  1 :  -5257 
Herderite  in  corresponding  position  a'.h:c=z  -7752  :  1 :  '4929 

e  axial  ratio  of  the  herderite  was  derived  from  the  angles 
ed  by  asterisks  in  the  above  table  of  measurements.     The 

♦This  Journal,  III,  xxvii,  229. 
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Calculated. 

•46*'  10' 

IS**  26' 

45'    6' 

103**    V 

103*  24' 

22''  53' 

22**  33' 

16*  32' 

17"    9' 
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angle  331/\S31  conld  not  be  measured  with  certainty  as  the 
crystal,  which  was  selected  as  best,  gave  doable  reflections  from 
one  of  the  faces.  The  angle  102^  22'  was  selected  as  funda- 
mental as  it  was  from  the  brightest  reflection,  while  103°  T 
agrees  better  with  the  calculated  angle  of  herderite. 

The  resemblance  between  the  two  minerals  is  remarkable, 
but  since  no  chemical  relation  between  them  apparently  exists, 
except  that  both  are  phosphates,  the  similarity  in  form  may  be 
accidental. 

The  whole  specimen,  except  two  or  three  small  crystals, 
was  sacrificed  for  a  chemical  examination.  The  material  wu 
so  intimately  mixed  with  albite  that  the  greatei;  part  of  it  had 
to  be  separated  by  Thoulet's  solution,  'the  specific  gravity  of 
a  pure  crystal  as  shown  by  the  heavy  solution  was  2*975,  that 
of  the  Stoneham  herderite  was  3'OOG.  The  material  used  for 
analysis  varied  between  2*980  and  2-853. 

A  cafef ul  qualitative  analysis  showed  the  presence  of  beryl- 
lium oxide  and  the  absence  of  all  other  bases  except  lime. 
The  phosphoric  acid  determination  was  made  in  a  separate 
portion  by  the  molybdic  acid  method.  The  beryllium  oxide 
and  water  were  determined  by  methods  analogous  to  that 
described  by  one  of  us  for  the  analysis  of  herdente.*  Unfo^ 
tunately  the  determination  of  lime  was  a  failure  and  there  wii 
not  enough  material  for  making  a  new  determination.  The 
fluorine  was  determined  by  weigliing  silicon  fluoride,  using  a 
moditication  of  Fresenius'  apparatus. 

The  results  of  the  analysis  are  as  follows : 


Found. 

Deducting 
Insol. 

Calculated  for 
CaBeOHPO*. 

PA 

40^81 

43-08 

44-10 

HeO 

15-32 

16-18 

15-53 

CaOt 

H  O 

32-54] 

5-83 

[34-35 

6-15 

•42 

34-78 
5-59 

•I 

F 

-40 

Insol 

5-27 





100-17  100-18  100-00 

Tlie  analysis  shows  the  mineral  to  be  a  new  and  interesting 
variety  of  herderite  almost  free  from  fluorine.  The  result  con- 
iirnis  the  idea  advanced  by  Penfleld  and  Harper  that  fluorine 
and  hydroxyl  are  mutually  replaceable  in  herderite,  and  the 
forniuia  deduced  by  them  for  the  mineral  is  confirmed. 

Shcmcld  Scientitic  School,  March,  1892. 

*  Penfield  and  Harper,  this  Journal,  III,  xxxii,  107. 
f  By  difference. 
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JlBT.  XnL — A   method  for  (he  lodometric  Determination 
of  Nitrates ;  bj  F.  A.  Gooch  and  H.  W.  Gruener. 

[ContributioDS  from  the  Kent  Chemioal  Laboratory  of  Yale  College—XV.] 

It  has  been  shown  by  DeKoninck  and  Nihoul*  that  nitrates 
aay  be  decomposed  completely  by  the  prolonged  action  of 
^iseons  hydrocnloric  acid,  and  determined  with  accuracy  by 
leasuring  the  iodine  set  free  when  the  products  of  decomposi- 
ion,  carefally  kept  from  atmospheric  contamination,  act  upon 
otaissinm  iodide.  These  investigators  recognized  the  diffi- 
nlties  attending  the  use  of  gaseous  hydrochloric  acid  in  analyt- 
sal  processes,  and  endeavored  unsuccessfully  to  substitute  the 
trong  aaneous  solution  for  the  gaseous  acid.  The  work  to  be 
lescnbed  in  the  following  account  was  performed  in  the  search 
or  a  simpler  method  n>r  the  iodometric  determination  of 
litrates. 

According  to  a  process  recently  developed  in  this  laboratoryf 
ihloric  acid  may  be  determined  with  the  greatest  ease.  It  was 
liown  that  in  the  interaction  of  a  chlorate  with  potassium 
odide,  arsenic  acid,  and  sulphuric  acid,  in  regulated  quantities 
n  aqueous  solution  and  at  the  boiling  temperature,  the  first 
Ktion  of  the  hydriodic  acid  set  free  from  the  iodide  by  the 
iolphuric  acid  is  upon  the  chloric  acid,  and  that  not  until  this 
letion  is  completed  is  the  arsenic  acid  attacked  and  reduced 
irith  the  simultaneous  liberation  of  a  corresponding  amount  of 
cdine.  If  the  arsenic  acid  is  taken  in  quantity  sufiScient  to 
insure  the  final  decomposition  of  the  entire  amount  of  iodide 
present,  the  arsenious  acid  found  at  the  end  of  the  action  is  an 
Kaet  measure  of  the  amount  of  iodide  which  escaped  the 
feetion  of  the  chlorate ;  and,  the  quantity  of  iodide  originally 
Uken  being  known,  the  amount  acted  upon  by  the  chlorate, 
knd  80  the  amount  of  the  chlorate  itself,  becomes  known.  The 
ftnenions  acid  is  determinable  with  great  accuracy  iodometri- 
adly,  and  the  chief  advantage  of  the  process  lies  in  the  fact 
tiiat  the  titration  is  made  upon  the  residue,  and  that,  no  coUec- 
Gon  of  the  distillate  being  necessary,  the-  sole  apparatus  em- 

teeA  in  the  process  proper  is  an  Erlenmeyer  beaker  and  a 
ed  tube  hung  in  its  neck  as  a  trap  to  prevent  mechanical 

This  process  we  endeavored  to  apply  to  the  determination  of 
titrates,  but  under  none  of  the  many  variations  of  form  and 
dbtnges  of  conditions  under  which  we  tested  it,  were  we  able 
0  secure  complete  decomposition  of  the  nitrate  without  so 

*Zeit8cbr.  fiir  angewaodte  Cbemie,  1890,  p.  477. 
f  Oooch  and  Sml&,  tbia  Journal,  toI.  xlii,  p.  220. 
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increasing  the  strength  of  the  sulphuric  acid  that  it  was  j 
upon  by  hydriodic  acid  with  the  consequent  nnregis 
escape  of  products  of  decomposition. 

The  endeavor  to  substitute  a  process  essentially  simili 
principle,  in  which  hydrochloric  and  antimonic  acids  si 
replace  the  sulphuric  and  arsenic  acids  proved  likewise 
successful. 

Abandoning  therefore  all  attempts  to  so  arrange  the  pr 
that  the  oxidizing  action  of  the  nitrate  should  be  register 
the  residue,  search  was  made  for  a  reagent  which  shoul 
capable  of  inducing  easy  decomposition  of  nitrates  (aftei 
manner  of  ferrous  salts  in  acid  solution)  and  yet  (unlike  fe 
salts)  should  be  so  readily  restored  to  its  primitive  cond 
that  the  products  of  the  oxidizing  action  oi  the  nitrate  st 
finally  pass  entirely  to  the  distillate  and  be  registered  t 
We  have  found  the  desired  combination  of  qualities  in  mi 
nous  chloride  dissolved  to  saturation  in  concentrated  h; 
chloric  acid.  This  reagent  is  acted  upon  but  slowly  by  nit 
at  the  ordinary  temperature,  but  upon  warming  the  ni 
begins  at  once  to  decompose  with  the  formation  of  a  hi 
chloride  of  manganese  and  liberation  of  nitric  oxide. 
mately  if  the  heating  is  continued  the  chlorine  of  the  hi 
chlorides  is  evolved  and  manganous  chloride  remains.  Dc 
the  process  of  heating  the  color  of  the  solution  passes  fron 
original  characteristic  green  through  darker  shades  to  \ 
and  returns  by  the  reverse  changes  to  the  original  tint. 
decomposition  of  the  nitrate  extends  under  the  conditioi 
the  last  traces,  but  the  breaking  up  of  the  nitrates  with 
formation  of  the  higher  chloride,  does  not  take  place  < 
pletely  in  the  presence  of  water  amounting  to  more  th 
third  of  the  volume  of  the  solution,  and  an  action  already  ei 
lished  in  strong  acid  is  reversed  by  the  addition  oi\  li 
amount  of  water.  Chlorates,  peroxides,  and  other  substa 
which  liberate  oxygen  or  chlorine  when  in  contact  with  str 
hydrochloric  acid  induce  similar  phenomena,  but  in  theabs< 
of  such  other  substances  the  reaction  serves  to  detect  nitr 
when  present  in  fairly  small  amounts  (perhaps  one  par 
sixty  thousand)  as  shown  in  the  accompanying  table  : 


KN03 

Mil  CI  2 

.  4H.,0 

Color 

taken. 

in  strong  HCl 

developed. 

0-01000  grni. 

10 

cm' 

Black. 

0-00500 

5 

Black. 

0-00100 

5 

Dark  brown. 

0-00050 

0 

Dark  green. 

0-00025 

5 

Deepened  tint. 

0-00015 

5 

Deepened  tint. 

0*00005 

5 

None. 

0-00000 

5 

None. 
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the  first  attempts  to  apply  this  reaction  to  the  quantita- 
(timation  of  nitrates,  10  cm*  of  the  manganous  mixture, 
ire  weighed  nitrate,  and  an  excesss  of  potassium  iodide 
)ut  in  a  tubulated  retort  fitted  with  a  hollow  ground  stop- 
awn  out  at  both  ends  so  as  to  serve  for  the  introduction 
bon  dioxide  evolved  in  a  Kipp's  generator  charged  with 
B  and  acid  previously  boiled.     The  neck  of  the  retort 

through  a  rubber  stopper  nearly  to  the  bottom  of  a  side- 
Erlenmeyer  flask,  used  as  a  receiver,  in  the  mouth  of 

the  stopper  fitted  tightly.  The  side-neck  of  the  receiver 
)ined  by  a  rubber  connector  with  a  bent  glass  tube  pas- 
hrough  a  rubber  stopper  and  reaching  nearly  to  the  bot- 
f  a  side-neck  test  tube  into  the  mouth  of  which  the  stop- 
as  fitted. 
!  first  receiver  contained  hydrogen  sodium  carbonate  in 

of  the  amount  needed  to  neutralize  the  acid  in  the 
as  it  should  distil  over,  a  considerable  quantity  of  potas- 
iodide  (about  3  grra.)  to  aid  in  dissolving  condensed 
,  and  arsenious  oxide  in  known  amount  and  in  excess  of 
lantity  necessary  to  convert  to  hydriodic  acid  the  free 

evolved.  The  second  smaller  receiver  was  partly  filled 
a  dilute  solution  of  potassium  iodide  and  hydrogen 
a  carbonate.  The  current  of  carbon  dioxide  was  started 
iiately  upon  introducing  the  contents  of  the  retort,  and 
T  was  safely  removed  before   the  darkening  of   color, 

begins  to  appear  very  soon,  had  spread  through  the 
.  Heat  was  applied,  and  the  evolution  of  nitric  oxide  and 
hat  of  iodine  oegan.  The  distillation  was  continued  until 
'  all  the  liquid  had  passed  over.  Finally,  the  contents 
h  receivers  were  united  and  titrated  against  deci normal 
!.  The  excess  of  arsenious  oxide  remaining  unoxidized 
tken  as  the  measure  of  the  iodine  liberated  and,  accord- 

of  the  nitrate  decomposed,  upon  the  presumption  that 
lolecules  of  the  nitrate  liberate  ultimately  six  atoms  of 
J  according  to  the  equation 

2HN0.  +  eHI  =  4H,0  4-  21S  O  4-  3l-I. 

2  choice  of  the  solution  for  the  retention  of  the  halogen 
ed  was  dictated  by  the  consideration,  in  the  first  place, 
^ery  little  iodine  could  pass  through  the  alkaline  arsenite 
ne  into  contact  with  the  rubber  stopper  of  the  receiver 
e  way  to  the  second  absorbing  liquid,  and,  secondly,  that 
vt  oxides  of  nitrogen  reformed  by  the  action  of  traces  of 
oasibly  introduced  with  the  carbon  dioxide  or  imperfectly 
)ved  by  it  could  not  liberate  iodine  from  an  iodide  in 
iUine  solution. 
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« 


»^|  12 

^^M  The  iodide  was  introduced  into  tlio   retort  i 

^^H  chosen  to  collect  the  halogen   in  nlkaline  iolntion  it  I 

^^H  necessary  to  taie  steps  to  break  up,  liofore  it  should  rea 

r  receiver,  all  nitrosjl  chloride,  the  foriuation  of   which  \ 

\  perience  in  former  tines  of  work  not  here  detailed  had 

n to  expect  uuder  the  ciroumstancep.     In  acid  eolBtion  coni 

J^^^^  iLD  iodide,  nitroayl  chloride  liberatcB  iodine  and  is  reffii 

^^^fe  in   alkaline  solution   it  breaks   up   with    tlio   formatia 

^^^1  cliloride  and  a  nitrite,  the  latter  having  no  immediate 

^^^1  upon  the  arsenite.     The  results  of  experiments  made 

^^H  manner  are  recorded  in  the  accompanjing  table. 

I  0-1 


The  experiments  of  Table  II  were  carried  out  in  a  D 
esseutially  similar  to  that  of  the  experiments  of  Ts 
excepting  the  single  point  that  the  iodine  evolved 
j>rocess  of  decotnpii^itiini  nf  ihn  nitrate  wns  received  in 
siam  iodide  instead  of  in  an  alkaline  araenite.  The  oo 
of  the  receivers  were  united,  made  alkaline  with  hy( 
sodinm  carbonate,  treated  with  an  excess  of  decinorma 
niouB  add,  and  the  unoxidized  arsenioos  acid  was  detet 
b;  dednormal  iodine. 


T*BLK 

1. 

CNO. 

KI  in 

UdCI, 

KNO, 

uken. 

retort. 

nUlurc. 

tminl 

li 

O-1088  grm 

0-8  grm 

10  cm' 

O'lOOQ  grm. 

0-OOSJ 

0-1083     " 

0-S     " 

10    " 

O'losa    " 

0*0001 

0-10B4      " 

0-e    " 

111    " 

0'1053      " 

0-00  u 

0-1068     " 

0-f     *■ 

10     " 

0-1 0S3      ■' 

0-003S 

O'OSSl      " 

0-8      " 

10     '• 

00631      " 

0-0020 

Tablb  IL 

KNO, 

KliD 

MdCI, 

KMOi 

taken. 

retort. 

mixture. 

found. 

Error. 

0-2039  grm. 

16  grm. 

20  cm' 

0*2026  grm. 

0-00U{ 

O'loeo    " 

0-8      " 

10    " 

0-1035     " 

0-0023 

0-1036     " 

0-8     " 

10    *' 

■01U16     "  ■ 

0-11020 

0-1013     " 

0-8     " 

10    " 

0-1002     " 

00011 

0-0521     " 

0-5      " 

10    " 

0  0621      " 

00000 

0-0235     " 

0-5      " 

5    » 

0-0^27     « 

0-0008 

0-0273     " 

0-5      » 

5     " 

0-026-2      " 

0*001 1 

0-0136     " 

0-2      " 

5     » 

0-0132      " 

0*0004 

0-001 1      " 

0-2     " 

5     " 

O'OOOS      " 

0-0002 

The  errors  of  both  sets  of  experiments,  those  of  T 
and  those  of  Table  II,  are  considerable,  all  lie  in  tb< 
direction,  and  are  indicative  of  too  low  registering  i 
action  of  the  nitrate,  since  of  the  complete  decompoei 
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litrate  there  can  be  no  reasonable  doabt  in  view  of  the 
nA  behaviour  of  the  manganeae  salt  toward  small  amounts 
trat«B.  To  us  it  eeemea  probable  that  the  explanation  of 
resnlte  was  to  be  soaght  in  the  failure  of  the  titration 
caline  aolntion  to  indicate  completely  all  the  final  products 
le  action  of  the  nitrate.  The  formation,  even  in  small 
ints,  of  compounds  of  nitric  oxide  with  iodine  analogous  to 
:  which  we  Know  to  be  formed  with  bromine  and  chlorine, 
e  partial  reoxidation  of  the  nitric  oxides  bj  the  action  of 
6  with  the  aid  of  water,  an  action  which  we  recognize  as 
ble  ander  certain  conditions  of  dilution,  wonld  account 
actorilj  for  the  deticiencj  in  the  resnlte  of  titration  ef- 
d  in  alkaline  solution.  Upon  this  presumption  the  simple 
>bvion8  modification  of  titrating  in  acid  solution  should  cor- 
Jie  error.  Accordinglj'  in  the  following  series  of  ezperi- 
8  the  plan  of  collecting  the  halogen  and  titrating  in  alkaline 
ion  was  abandoned,  and  since  the  addition  of  an  iodide  to 
retort  was  no  longer  essential  this  practice  was  discon- 
d.  The  products  of  the  action  of  tlie  nitrate  upon  the 
^nese  mixture— chlorine,  nitric  oxide  and  perhaps  nitrosvl 
ide, — were  received  directly  in  potassium  iodide,  and  the 
e  set  free  was  titrated  by  sodium  thiosulphate,  itself  stan- 
zed  against  iodine  of  known  value  with  respect  to  a  stan- 
solntion  of  decinormal  arsenions  oxide. 


ith  the  abandonment  of  the  plau  of  patting  the  alkaline 
ite  into  the  receiver  the  tendency  oi  the  iodine  to  pass 
rd  to  the  second  receiver  is  angmeutod  and  the  possible 
1  of  the  rnbber  stopper  of  the  receiver  becomes  corre- 
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spondingly  dangerous.  We  modified  the  apparatus,  therefore 
so  that  only  glass  should  occur  where  by  any  possibility  rubbei 
connections  might  act  upon  the  free  halogen.  In  place  of  th( 
ordinary  retort  we  adopted  a  form  of  apparatus  made  use  o 
formerly  by  one  of  us  in  the  quantitative  distillation  of  bori 
acid  under  the  action  of  methyl  alcohol— a  pipette  bent  ani 
fitted  as  shown  in  the  figure.  To  this  apparatus  was  sealed 
Varrentrapp  and  Will  nitrogen  bulb,  the  exit  tube  of  whid 
was  drawn  out  so  that  it  might  be  pushed  well  within  the  ink 
tube  of  the  second  receiver — a  Will  and  Varrentrapp  absorj 
tion  flask — and  held  in  place  by  an  outside  rubber  connectoi 
The  third  receiver  acts  simply  as  a  trap  to.  exclude  air  from  th< 
absorption  apparatus  proper.  In  conducting  the  experimen 
the  receivere  were  charged  with  solutions  of  potassium  iodide 
the  first  containing  three  grams,  the  second  one  gram,  and  the 
third  only  a  fraction  of  a  gram  for  every  tenth  of  a  gram  oi 
nitrate  used.  The  first  receiver  was  kept  cool  during  the 
process  by  immersion  in  water.  The  introduction  oi  the 
nitrate  and  manganous  mixture  following  it  was  made  easy  and 
safe  by  applying  gentle  suction  to  the  end  of  the  absorption 
train.  The  current  of  carbon  dioxide  was  started  immediately 
after  putting  in  the  manganous  mixture,  and  after  a  suitable 
time  had  elapsed  for  the  removal  of  air  heat  was  applied  to 
the  retort  and  the  distillation  was  continued  until  nearly  all  the 
liquid  had  passed  over.  Finally  the  contents  of  the  receivers 
were  united,  the  washing  of  the  bulbs  was  effected  easily  and 
expeditiously  l>y  passing  the  wash-water  directly  through  retort 
and  receiver  (the  introduction  of  the  manganese  chloride  into 
the  distillate  being  not  at  all  prejudicial  to  the  accuracy  of  the 
titration),  and  tlie  estimation  of  free  iodine  made  bv  sodium 
tbiosulphate  as  described.  The  results  of  the  experiments  con- 
ducted in  this  manner  are  given  in  Table  III. 

These  results  are  fairly  satisfactory.  The  mean  error  of  the 
entire  series  is  practically  nothing.  The  manipulation  is  easy 
and  ra])id. 

In  brief,  the  process  which  gives  us  these  results  consists  in 
the  distillation  of  the  mixture  of  the  nitrate  with  a  saturated 
solution  of  crystallized  manganous  chloride  in  strong  hydro 
chloric  acid  in  an  atmosphere  of  carbon  dioxide,  the  passage  oi 
the  products  of  action  into  potassium  iodide,  and  the  titration 
of  the  liberated  iodine  by  sodium  tbiosulphate.  It  isimportAni 
to  take  precautions  to  prevent  the  contact  of  the  free  halogei 
with  rul)l)er  stoppers  or  connectors,  and  any  apparatus,  suitabl 
for  ordinary  quantitative  distillation  and  absorption,  whic^ 
meets  this  condition  will  probal)ly  answer  the  requirements  c 
the  process.  Our  own  preference  is  for  the  apparatus  describe 
and  figured. 
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Table  III. 


KN'O, 
taken. 

0-2038  grm. 

0-2053    " 

0-1032 

0-1017 

0-1049 

0-1027 

0-0524 

0-0513 

00354 

0-0232 

0-01 07 

0-0127 

0-0145 

0-0O53 

0-0O43 

0-0O14 

O-OOOO 


u 
c< 
<c 
i% 

« 

CC 
C( 

(( 
« 

«c 


MnCU 
mixture. 

20  cm" 

20    " 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

o 

5 

6 


5 


CC 
(C 
C( 
C( 
CC 
4C 
CC 
CC 

CC 
CC 
CC 
CC 
CC 


KNO, 
found. 

0-2047  grra. 

0-2057    " 

0-1035 

0-1004 

0-1049 

01023 

0-0526 

0-0512 

0-0350 

0-0230 

0-0106 

0-0130 

0-0143 

0-0052 

0-0047 

0-0018 

0-0000 


Error 

in  terms  of 

KNO,. 

0-0009  grm.  -f 


cc 

CC 
CC 

a 

CC 

CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 


0-0004 
0-0003 
0-0013 
0-0000 
0-0004 
0-0002 
0-0001 
0-0004 
0-0002 
0-0004 
0-0003 
0-0002 
0-0001 
0-0004 
0-0004 
0-0000 


u 

CC 
CC 
CC 

CC 
CC 
CC 
CC 
(C 
C( 
CC 
CC 
CC 
CC 


Error 

in  terms  of 

HNO,. 

0-0006  grm.  + 


-f 


-f 


+ 


0-000*3 
0-0002 
0-0008 
0-0000 
0-0003 
0-0001 
0-0001 
0-0003 
0-0001 
0-0001 
0-0002 
0-0001 
0-0001 
0-0003 
0-0003 
0-0000 


(( 

CC 
CC 

(h 
(( 

CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 

n 

CC 


4- 


-f 


+ 
-f- 


The  titration  should  be  completed  as  soon  as  may  be  after 
admitting  air  to  the  distillate  in  order  that  traces  of  dissolved 
nitric  oxide  may  not  be  reoxidized  and  again  react  upon  the 
iodide  present  to  liberate  more  iodine. 


Art.  XVIII. — On  some  Alkaline  lodates  ;  by  H.  L.  Wheeler. 
With    CrystaUographic  Notes ;  by  S.  L.  Pexfield. 

While  work  on  the  compounds  of  iodine  trichloride  with 
alkaline  chlorides*  was  in  progress  in  this  laboratory,  it  was 
noticed  in  making  KCl .  Cl.I,  KbCl .  Cl.I  and  CsCl .  Cl.I  that 
white  crystals  were  often  formed  under  certain  conditions. 
These  compounds  proved  to  be  KCl .  KIO. .  HIO. ,  RbCl .  HIO, 
and  SCsIO, .  1,0^.  Since  they  were  not  analogous,  although 
formed  under  similar  conditions,  and  since  the  rubidium  and 
cssinm  salts  have  not  been  described,  an  investigation  of  them 
was  undertaken.  Attempts  to  prepare  these  compounds  by 
other  methods  led  to  the  discovery  of  several  other  iodates. 
The  new  compounds  that  have  been  prepared  are  as  follows : 

RblO.  CsIO, 

RblO, .  HIO,  2C8IO, .  LO, 

RblO, .  2HI0,  2CsI0, .  1,0, .  2HI0, 

RbCl .  HIO,  CsCl .  HIO, 
3RbCl .  2HI0. 


*  This  Journal,  xliv,  42. 
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The  compound  which  separated  from  the  solution  of  the 
potassium  pentahalide  has  already  been  described,  but  since 
this  is  a  new  method  of  preparation  and  since  there  are  con- 
flicting statements  concerning  its  state  of  hydration,  it  has 
been  re-investigated. 

The  results  of  the  investigation  of  the  rubidium  salts  show 
that  the  normal  iodate  is  the  only  one  of  the  series  that  can 
be  recrystallized  unaltered  from  an  aqueous  solution.  In  the 
case  of  the  caesium  compounds,  the  normal  iodate  and  the  salt 
2CsI0, .  I,Oj  are  not  decomposed  by  water.  The  other  caesium 
iodates  give  2C6IO, .  1,0^  when  recrystallized  from  water  and 
not  the  normal  iodate,  thus  showing  an  interesting  difference 
between  the  rubidium  and  caesium  compounds. 

It  is  the  tendency  of  the  acid  rubidium  iodates  to  separate 
in  a  higher  state  of  hydration  than  the  corresponding  caesinm 
compounds. 

It  is  also  an  interesting  fact  that  the  formation  of  the  com- 
])ounds  of  normal  chloride  and  iodic  acid  was  not  observed  on 
mixing  the  constituents.  In  the  case  of  rubidium,  productg 
were  obtained  which  proved  to  be  RblO,,  RblO, .  HIO,  or 
RblO, .  2HIO,  according  to  the  concentration  of  the  solutions 
and  the  excess  of  RbCI  or  HIO,.  On  the  other  hand  by  add- 
ing hydrochloric  acid  to  a  solution  of  rubidium  iodate,  if  the 
acid  is  dilute  RblO,,  2HI0,  is  formed,  if  concentrated  the 
iodate  is  completely  decomposed.  Similar  experiments  under 
taken  with  caesium  chloride  ai\d  iodic  acid,  did  not  give  the 
peculiar  double  compound  CsCl .  11 10,  but  resulted,  in  each 
case,  in  the  formation  of  2CsI0, .  1,0^. 

Method  of  Analysis. 

After  the  substauces  were  prej)ared  for  analysis  as  described 
in  detail  beyond,  the  halogens  were  determined  by  first  reduc- 
ing the  sohition  of  iodate  with  sulphur  dioxide  then  precipi- 
tating with  silver  nitrate  in  the  presence  of  nitric  acid.  Tliis 
precipitate  was  then  heated  in  a  stream  of  chlorine,  thus  com- 
bining the  test  for  chlorine  and  its  determination  in  one  opera- 
tion. In  the  Hltnite  from  the  silver  precipitate  the  alkali 
metal  was  determined  as  sulphate  after  the  removal  of  the 
excess  of  silver  hy  means  of  hydrogen  sulphide.  Oxygen  wa.« 
determined  in  a  separate  portion  by  precipitation  with  silver 
sulphate,  dryinir  the  precipitate  at  100°  and  then  determining 
the  loss  on  iii:nitii»n.  Duplicate  halogen  determinations  were 
then  made  in  this  residue.  In  the  case  of  the  compounds  con- 
taininir  the  group  I.,(>,,  where  an  error  would  be  introduced 
if  the  oxvixen  was  determined  in  this  manner,  the  substance 
itself  was   iirnited   ami    the  oxvijen   calculated  from   the  lo?i. 
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presence  of  water  in  these  compounds  was  determined  by 
ctly  weighing  it  in  a  calcium -chloride  tube,  the  substance 
g  ignited  in  a  combustion  tube  containing  a  mixture  of 

chromate  and  lead  oxide. 

'ormal  ruiidium  iodate^  RhlO^. — This  compound  was 
e  by  adding  one  molecule  of  iodine  pentoxide  in  either 
ig  or  dilute  aqueous  solution,  to  a  solution  of  one  mole- 

of  rubidium  carbonate.  If  the  solutions  are  strong,  the 
te  separates  as  a  sandy  precipitate,  but  if  they  are  hot  and 
te  it  separates  on  cooling  in  small  grains  or  as  a  crystalline 
t.  At  23*^  100  parts  of  water  dissolve  21  parts  of  the 
The  compound,  after  filtering  on  the  pump,  washing 
I  a  little  water  and  drying  on  paper,  gave  the  following 
Its  on  analysis : 

Found.  Calculated  for  RblOa. 

Rubidium,  32-17  32-82 

Iodine,  48-50  48-75 

Oxygen,  20*59  18*43 

salt  when  heated  decrepitates  strongly,  melts,  gives  off 
l^en  but  no  iodine,  and  the  residue  is  rubidium  iodide. 
Irochloric  acid  readily  dissolves  it  in  the  cold  to  a  faint 
)w-colored  solution  which  increases  in  color  on  standing, 
cvarming,  chlorine  is  evolved  and  the  solution  turns  bright 
>w  from  the  formation  of  iodine  trichloride.  If  boiled 
I  strong  hydrochloric  acid,  RbCl .  ClI*  is  formed  which 
rates  on  cooling. 

he  formation  ox  normal  rubidium  iodate  was  also  observed : 
D  a  hot  dilute  aqueous  solution  of  iodine  trichloride  was 
ted  with  rubidium  carbonate.  The  compound  thus  ob- 
ed  gave  48*43  per  cent  of  iodine  on  analysis.  Also  by 
olving  the  acid  iodate  in  a  strong  hot  solution  of  rubidium 
>ride  and  allowing  the  mixture  to  crystallize.  This  was 
itified  by  a  rubidium  determination  which  gave  32-58  per 
:.  In  general  the  iodates  of  rubidium  all  give  this  body 
ID  they  are  dissolved  in  hot  water  and  the  solutions  left  to 
tallize.  The  products  obtained  in  this  manner  decrepi- 
d  on  heating  and  did  not  give  off  iodine.  A  rubidium 
trmination  in  the  substance  obtained  from  RbCl .  HIO, 
5  32*^76  per  cent ;  from  3RbCl .  2HI0,,  32*22  per  cent. 
cid  rvbidium  iodate^  RhlOJIIO^, — This  was  obtained  by 
ing  warm  solutions  of  one  molecule  of  iodine  pentoxide 

two  molecules  of  rubidium  chloride.  The  compound 
jrally  separates  on  cooling  as  a  heavy  crystalline  powder. 
;  difficultly  soluble  in  cola  water.  Hot  water  dissolves  it 
3  readily  and  on  cooling,  the  normal  iodate  separates.     It 

*  This  Journal,  xliii,  476. 


186  WlueUr  and  P^t^fitld—AOaUm  lodatm. 

is  ineolable  in  aloofaoL  The  orjitab  wera  fllteied  on  a  jmmp 
and  wuhed  frith  a  little  cold  water  and  then  preMcd  on  pww. 
An  analysis  of  these  dried  at  100°  txn  the  toUowing  raautt, 
the  oxygen  beinf;  determined  b;^  difierenoe. 


ailaaUidlarBbIO,.B10,. 

Rabidium, 

20-18 

19-56 

Iodine, 

68-12 

58-19 

Oxygen, 

2i'4e 

21-99 

Hydrogen, 

-s» 

■ss 

The  reaction  which  takes  place  in  the  preparation  of  this 
compound  is  probably  according  to  the  following  equation : 

RbCl  +  2HI0,=BbI0,.  HIO.+HC!, 

The  hydrodiloric  acid  thus  liberated  reacts  on  a  part  of  the 
iodic  acid,  chlorine  is  evolved  and  the  sotntion  beoi^iUB  yellov. 
When  heated  it  does  not  decrepit^ne.  1>iit  meltg  to  a  yellov 
mass,  nres  oS  water,  then  iodine  :iii<i  tinallv  froths  with  tbe 
CTolnbon  of  oxygen.  Thereeidae  lonsi^t^  ol  rubidiiim  iodide. 
Hiaaid  rvHatum  iodate,  HblO, .  -l  IIIO^.—Vqt  the  prepara- 
tion of  this  compoand  6  grama  of  lUiIO,  were  diseolveo  in 
60  00.  of  water  with  the  aid  of  he^it.  tlien  13  grams  of  iodine 
pentoxide  in  60  cc  of  water  were  aiidcd,  the  inisture  boiled 
down  to  half  its  volume  and  allowed  to  cooL  The  body  sept- 
rates  as  a  heavy  cryRtalliue  powder.  It  is  difflcnltiy  soluble  in 
cold  water.  When  dissolved  in  hot  water  and  tne  solntion 
left  to  crvBtalltne  RbTO,  separates.  The  product  obtained  u 
stated  above  was  separated  from  the  mother  liquor  by  Sltering 
ou  tbe  pump,  wasned  with  a  little  cold  water  and  dried  it 
100°. 

Found.  Calculated  for  RblOi.  3B10i. 

Rubidium,  1393      U-13  13-96 

Iodine,  61-81      62-48  82-20 

Oxygen,  2374  23-.'>l 

Hydrogen,  -42  -33 

This  compound  does  not  lose  water  at  100°.  When  heated 
it  does  not  decrepitate,  but  melts,  gives  off  water,  then  iodine 
and  oxygen,  leaving  a  residue  of  rubidium  iodide.  The  com- 
pound was  also  obtained  by  adding  10  cc.  of  hydrochloric  add 
sp.  gr.  11  to  5  grams  of  RblO,  in  20  cc.  of  water.  The  mis- 
ture  was  warmed  until  all  the  RblO,  dissolved.  It  gave  » 
faint  yellow  solution  which  slowly  deepened  in  color.  On 
standing,  a  well  crystallized  product  of  the  compound  under 
consideration  was  obtained  containing  14-13  per  cent  of  rubid- 
inm  and  62-19  per  cent  of  iodine. 
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The  addition  of  a  saturated  solution  of  rubidium  chloride  to 
syrupy  iodic  acid  produces  a  precipitate  which  dissolves  again 
in  the  excess  of  iodic  acid.  When  raore  rubidium  chloride  is 
added,  the  whole  being  kept  over  a  lamp,  a  point  is  reached 
where  a  precipitate  begins  to  form  in  the  hot  solution.  This 
is  the  compound  in  question.  It  was  identified  by  a  rubidium 
and  an  iodine  determination.  This  gave  14*17  per  cent  of 
rnbidium  and  61*83  per  cent  of  iodine. 

RhCl .  HIO^. — This  salt  can  be  made  by  simply  allowing  a 
saturated  solution  of  RbCl .  C1,I  to  stand  for  some  hours,  when 
large  colorless  prisms  form,  attached  to  the  plates  of  RbCl . 
Cl^  The  solution,  after  removing  the  crystals,  warming  to 
dissolve  the  pentahalide  and  pressmg  chlorine  in  again,  does 
not  yield  a  further  deposit  of  the  substance.  This  is  explained 
bj  tne  fact  that  so  much  hydrochloric  acid  is  formed  in  the 
solution  that  the  formation  of  this  compound  is  prevented. 
The  crystals  remain  unaltered  on  exposure  to  the  air.  On 
treatment  with  cold  water  they  are  decomposed,  losing  their 
luster  and  becoming  white.  The  solution  has  an  acid  reaction 
towards  litmus.  Tne  hot  saturated  solution  of  this  compound 
gives  the  normal  iodate  on  cooling.  The  material  for  analysis 
was  mechanically  separated  from  adhering  RbCl  .  CI, I  and 
dried  in  the  air. 


Found. 

Calculated  for  RbCl .  HIO,. 

Rubidium, 

28-88 

28-78 

Iodine, 

42-29     42-62 

42-76 

Chlorine, 

12-09     12-13 

11-95 

Oxygen, 

16-33 

16-16 

Hydrogen, 

-26 

-33 

This  salt  can  also  be  prepared  by  adding  a  strong  aqueous 
solution  of  rubidium  hvdrate  to  a  strong  solution  of  iodine 
trichloride  in  water.  This  gives  at  first  a  precipitate  of  the 
compound  3RbCl .  2HI0„  and  the  solution  left  at  rest  for  a 
few  days  ^ves  the  large  well  developed  crystals  of  RbCl . 
HIO,  unmixed  with  RbCl .  C1,I.  These  were  identified  by 
their  crystalline  form. 

On  warming  the  crystals  with  hydrochloric  acid  RbCl .  C1,I 
is  formed,  probably  according  to  the  following  equation  : 

RbCl .  HI0,  +  6HCl=RbCl .  C1,I-|-3H,0  +  C1, 

and  the  RbCl .  CIJ  on  further  heating  gives  RbCl .  ClI  with 
the  liberation  of  chlorine.  When  the  substance  is  heated  it 
melts,  gives  off  water,  chloride  of  iodine,  and  oxygen  the 
/eiidue  consists  of  rubidium  chloride  and  iodide.  A  deter- 
mination of  the  halogens  in  this  residue  gave  3-52  per  cent 
oi  chlorine  and  58*66  per  cent  of  iodine. 


1S8 
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SMOl .  gBIO^—ThiB  tomwrnnd,  wtMk  it  Uftlogoiis  to  the 
sodium  «»Bpoimd  8Naa .  SNalO, .  9H^O  teorf  bed  by  Bam- 
meliibeiif*  and  also  to  the  salt  8NaI .  2llaIO. .  19E[,0  obtiined 
bj  Feiunrf  or  8Nal .  2NaI0, .  20H,O  aaemi^g  to  Marignsei 
except  tEat  it  conteins  no  water  of  erjratidHialimi,  was  prepared 
by  two  methods.  It  was  obtained  bj  tibe  additioQ  ox  a  hot, 
stronj^  aqneoQs  solatSon  of  mbidinm  hrfdroadde  to  a  stmq; 
solution  of  iodide  trichloride,  the  latter  beliig  in  ezoeaa.  lb 
mixture  was  then  filtered  hot  and  on  oooliii^  ft  maaa  of  fine 
needles  separated.  The  mother  liquor  on  ttendit^  yidded  tiie 
large  crystals  of  RbOl .  HIO,.  Tm  needtos  are  stable  in  the 
air  and  at  100^.  From  the  hot  saturated  aqneorn  edbutioa  of 
the  compound  the  normal  iodate  separates  on  cooling. 

The  formation  of  this  componndT  was  also  oteenred  on  add- 
ing a  strongsolntion  of  rnbicnium  carbonate  to  a  hot  aatnmtsd 
somtion  of  KbOl .  01,1,  the  latter  being  in  excess.  The  e(A» 
less  slender  transparent  needles  thus  obtained  gmetnOy  sem- 
i%te  in  groups  radiating  from  a  point  on  the  snrfaee  of  tte 
yellow  crystals  of  RbCl .  OLI.  Arter  separating  tike  cdorte 
crystals  mechanically  from  me  oentahaKde  they  were  air^riei 
on  paper  and  then  analysed,  while  the  matcarial  cSrtaiiied  aoeord- 
ing  to  the  previous  method  was  dried  at  100^. 


FromBbOH 

ficooiBbtOOi 

O&kmkMUt 

and  IClt. 

andBbCI.GUL 
35-78 

SBMt.SHIO^ 

Rabidium, 

35-41     34-58 

•  36-87 

Iodine, 

36-27     36-00 

36-87     35-81 

35-52 

Chlorine, 

14-99     14-82 

16-26  •  16-16 

14-90 

Oxygen, 

13-15 

13-64 

13-43 

Hydrogen, 

•29 

•30 

•28 

When  heated,  the  substance  does  not  decrepitate  bnt  melts, 
gives  off  chloride  of  iodine  and  the  residue  consists  of  a  mii- 
tare  of  rubidium  chloride  and  iodide.  A  sample  of  this  resi- 
due gave  on  analysis  9-68  per  cent  of  chlorine  and  38-91  per 
cent  of  iodine. 

Norinal  Ccesiufn  iodate  CsIO^, — This  was  prepared  by  add- 
ing a  moderately  strong  aqueous  solution  oi  iodic  acid  to  a 
strong  solution  of  caesium  carbonate,  care  being  taken  to  have 
the  carbonate  in  excess.  When  all  the  iodic  acid  had  been 
added,  the  solution  was  boiled.  On  cooling,  a  crystalline  mass 
separated  consisting  apparently  of  small  cubea  At  24°,  100 
parts  water  dissolve  2*6  parts  of  the  salt.  It  is  insoluble  in 
alcohol.  The  body  was  prepared  for  analysis  by  filtering  on 
the  pump,  washing  with  cold  water  and  then  pressing  on  paper 
and  drying  at  100°. 

*  Pogg.  Ann,  xliv,  548;  cxv,  584. 

f  Ann.  Ch.  Pharra.,  mvii,  202.       X  Jahresb.,  1851,  124:  Ann.  Min.,  V,  ix,  1. 
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Calculated  for  CsTOs. 

Caesium, 

43-08 

43-53 

43-18 

Iodine, 

40-84 

41-23 

Oxygen, 

16-74 

13-59 

This  was  also  obtained  in  attempts  to  prepare  a  caesium  salt 
corresponding  to  SRbCl .  2HI0,  by  adding  caesium  hydrate  or 
larbonate  in  moderately  strong  aqueous  solution  to  a  strong 
olution  of  iodine  trichloride  in  excess,  when  it  at  once  sepa- 
■ated  in  the  form  of  a  white  sandy  precipitate,  which  under 
he  microscope  was  seen  to  consist  of  transparent  grains  of 
ndefinite  form.  Unless  the  iodine  trichloride  is  nearly  satu- 
ated  with  the  carbonate,  CsCl .  C1,I  or  CsCl .  CIl*  is  obtained 
nixed  with  the  iodata  An  iodine  and  oxygen  determination 
n  the  air-dried  salt  gave  40*55  and  40-83  per  cent  of  iodine 
ind  15-67  per  cent  of  oxygen.  When  this  lodate  is  heated  it 
loes  not  give  off  iodine  but  melts  and  evolves  oxygen.  The 
eddue  is  caesium  iodide. 

WsIO^.  Ifi^. — This  substance  can  be  prepared  in  pure  con- 
lition  and  in  large  quantity  by  mixing  a  moderately  dilute 
iqneous  solution  oi  two  molecules  of  caesium  chloride  with  one 
nolecule  of  iodine  pentoxide  dissolved  in  a  little  water.  Any 
)recipitate  that  may  have  been  produced  is  dissolved  by  the 
lid  of  heat  and  more  water  if  necessary.  On  cooling,  the  com- 
)oaDd  separates  as  a  sandy  powder.  This  can  be  washed  with 
^ater  or  recrystallized  from  hot  water  without  decomposition. 
It  can  also  be  recrystallized  from  dilute  solutions  of  iodic  acid. 
At  21®  100  parts  of  water  dissolve  2-5  parts  of  this  salt.  It  is 
insoluble  in  alcohol.  The  material  for  analysis  was  air-dried 
after  pressing  on  paper. 


Found. 

Calculated  for  2C8lOs .  laOft 

Caesium, 

27-93 

28-00 

Iodine, 

53-42 

53-47 

Oxygen, 

18-69 

18-53 

This  compound  invariably  separates  along  with  the  crystals 
of  CsCl .  Cljl,  when  the  latter  is  prepared  in  the  absence  of 
hydrochloric  acid.  The  yield  is  not  very  large.  It  is  thus 
obtained  in  the  form  of  small  rounded  white  nodules  which  on 
^iose  inspection  are  seen  to  occur  in  pairs,  the  two  nodules 
)eing  on  opposite  sides  of  a  thin  layer  of  the  pentahalide. 
rhej  were  mechanically  separated  from  the  pentahalide,  no 
^ater  being  used  to  wash  the  compound  when  prepared  for 
saljsis.     The  following  results  are  suflScient  for  its  identilica- 

*Thi8  Journal,  III,  xliii,  17,  and  xlif,  42. 
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Catiom • S9*ll 

Iodine «0i81 

•                Ozjgen 18-W 

Cfaloriiie 8*84 


This  oomponnd  was  also  obtained  hj  the  following  meAo 
Bjr  miziDg  6  grama  of  OalO^  SO  oa  of  water  ana  10  oa 
BlOI  sp,'  jorr.  1*1.  The  miztnre  waa  boiled,  it  became  yell 
and  chlorine  waa  evolved.  When  cooled  the  aabetanoe  se 
rated  as  a  er]ratalline  emat  It  waa  identified  by  a  determi 
tion  of  caaainm  which  gave  SS'iO  per  coit 

The  componnda  SOdO,.  1,0, .  2HIO.  and  OaCa .  HIO,  g 
thia  body  when  their  hot  aatorated  aolntioQa  are  oooled. 
csBaimn  determination  in  the  products  thus  obtained  gave  87 
and  88*18  per  cent  respeetiyei  j. 

When  tnis  body  is  treated  with  hydrochloric  add,  wj^ 
1*1,  the  solution  becomes  yellow,  evolves  chlorine  on  waimi: 
and  when  concentrated  on  the  water  balih  yielda  on  codi 
well  crystalliaed  GbOl .  OIL    Analysis  mve  60*98  per  t/BnX 
csBsinm  chloride,  calculated  for  OsOl  •  &L  50*90  ^  eent 

When  heated  in  a  doeed  tube  it  g^ves  no  aign  of  wal 
gives  off  iodine  then  melta  with  the  evolutioii  of  iodine  i 
oxjgm.    The  reaidue  ccmsists  of  cosium  io^de. 

W$10. .  1^0..  ifflO^—Thh  hodj  waa  obtained  by  add 
6  mms  of  208iO. .  I.O,  to  a  boiling  solution  of  S6  granu 
iodine  pentozide  in  sufficient  water  to  form  a  syrup.  Wi 
was  then  added  and  the  precipitate  thus  produced  proved 
be  the  coinpoand  in  question.  Thus  produced  it  separatee 
a  ^lely  divided  amorphous  precipitate  which  can  be  dried 
the  air  or  at  100^  without  losing  water.  It  is  difficultly  so 
ble  in  water  and  when  crystallized  from  an  aqueous  soluti 
gives  2C8IO, .  Ifiv  An  analysis  of  the  substance  dried  at  1( 
gave 

Calculated  for 
Found.  2CiI0tI«0i .  2HI0i. 

Caesium,  19-71  20-43 

Iodine,  67-68  58-62 

Oxygen,  20-41  2089 

Hydrogen,  -12  -16 

Water  determinations  in  samples  dried  in  the  air  on  pap 
gave  1-45  and  1-38  per  cent ;  theory  requires  1*44. 

When  the  substance  is  heated  it  gives  off  water  and  iodii 
then  oxygen,  the  residue  consisting  of  caesium  iodide. 

CsCl .  SIO^, — This  was  obtainea  in  an  attempt  to  increi 
the  yield  of  2C8IO, .  1,0^  by  adding  a  rather  small  quantity 
caesium  carbonate  to  a  hot  saturated  solution  of  CsCl .  C 
when  on  cooling  and  allowing  the  mixture  to  stand,  colorl 
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transparent  prisms  separated  on  the  yellow  crystals  of 
.  C1,I  previously  formed.  These  colorless  prisms  were 
id  out  from  the  solution  dried  on  paper  and  separated  me- 
ically,  as  far  as  possible  from  any  adhering  CsCl .  C1,I. 
e  on  analysis  gave  the  following  results. 


Found. 

Calculated  for  C 

Caesium 

38-09 

38-60 

Iodine 

36-08     36-29 

36-86 

Chlorine 

1^69     11-82 

10-31 

Oxygen 

13-85 

13-94 

Hydrogen 

.30 

•29 

crystals  remain  unaltered  on  exposure  to  dry  air  but  on 
ing  them  with  water  they  immediately  become  opaque, 
•ecrystallizing  from  water  they  give  2CslO, .  1,0 j.  When 
ubstance  is  heated  it  gives  off  water  and  iodine  chloride, 
3,  and  gives  off  oxygen,  the  residue  consisting  of  chloride 
iodide  of  caesium.  When  it  is  warmed  with  nydrochloric 
it  undergoes  the  same  decomposition  as  the  correspond- 
ubidium  compound. 

CI.  KIO^.  IIIO^. — This  compound  has  previously  been 
ared  by  treating  KIO,  with  hydrochloric  acid,  or  a  solution 
dine  trichloride  with  potassium  hydrate  or  carbonate.  It 
>een  described  by  Senillas*  and  Kammelsbergf  as  anhy- 
8  and  the  formula  2KC1 .  2KI0, .  1,0.  was  assigned  to  the 
MillonJ  from  his  determination  of  potash  in  this  salt 
Inded  that  the  substance  contained  a  molecule  of  water, 
he  made  no  determination  of  it.  Finally,  Marignac§  who 
lined  it  more  carefully,  made  a  determination  of  the  water 
Tying  the  substance  at  100°,  then  igniting  it  in  a  tube 
I  metallic  copper  and  collecting,  and  weighing  the  water 
neans  of  a  sulphuric  acid  tube. 

be  compound  obtained  from  a  solution  of  KCl .  C1,I  sepa- 
d  in  shining  transparent  prisms,  stable  in  the  air.  It  con- 
ed water  corresjponding  to  the  formula  2KC1 .  2KI0, .  1,0. 
.0  or  KCl .  KIO, .  HIO,.  An  analysis  of  the  air-dried  salt 
e  the  following  results. 

Calculated  for 
Found.  KCl .  KIO, .  KIO,. 


Potapsium 

16-94 

16-83 

16-82 

Iodine 

54-46 

54-66 

Chlorine 

7-72 

7-64 

Oxygen 
Hydrogen 

•20 

20-66 
•22 

LDD.  Ch.  Phys.,  II,  xliii,  113.  f  Ann.  Ch.  Phys ,  III,  ix.  407. 

ogg,  Ann.,  xcvil.  §  Jahresb..  1856,  298.    Ann.  Min.,  Y,  ix,  1. 
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This  campoDnd  and  the  one  obtained  by  Mari^nac  i 
fore  identical. 

On  ignition  it  gives  off  water,  iodine  chloride  ant 
the  residue  consisting  of  potassium  iodide  and  chlor 
analysis  of  this  residue  gave  2'n9  per  cent,  chlorine  s 
per  cent  iodine. 

The  author  takes  occasion  here  to  express  his  oblig 
Professor  H,  L.  Wells  for  the  use  of  the  imiterial  ii 
vestigation  and  for  valuable  suggestions,  also  to  Pro 
L.  Penfield  who  has  kindly  furnished  the  crystallo 
descriptions. 

Notes  on  the  Cry^'ta)Hne  form  of  lihCl.  IlfO,  ar. 
IlIO,;  i)y  S.  L.  Pentield. 

ubci .  irio,. 


The  form  of  RbCI .  HIO.  is  monocli 
crystals  are  highly  nioditied,  doubl 
natcd  prisms,  fig.  1,  Tlie  faces  gave  i. 
tions  and  the  nicasurenients  which  we 
as  fundamental  are  marked  by  an  as 
the  table  of  angles. 

The  axial  ratio  and  forms  are  as  fol 


..^t 

ino 

,  flOl  =:»S7-  .-,11' 
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.  IIIO 

][iii 

ini=»:n     ft 

211  --  ::»    lii      ;: 
in  =  s;    i:;      :. 

tsn,  1110 . 

The  funn  of  f.l.'I .  IIIO,  is  iiionoi-lii 


til.; 


■"!' 


hi,:]) 


Tjic  orvrt 


HT 


iniit   ■)  Tiiiii.   in   icngtli  anil 
.   Iii.bit    shown    ill    tig.    -2.        Tl 
att;id;cd  at  one  end  and   nsn; 
in  niiUutitig  mid  divergent  gro 
faces  were  not  very  perfect  and  only  approximate 
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ments  could  be  made.     Those  which  were  chosen  as  funda- 
mental are : 

irtAM,  110^110  =  90''  12'      Wa;},  no  a  221  =  24"  37'     a^p,  100  a  221=49'' 53' 

The  axial  ratio  and  forms  are  as  follows : 

aihU  =0-9965:  1:  0-7G9S         ^  =  100^001  =  89''  53^' 

(J,  100,  i'l  m,  110,  I  (/,  403,  -  J-Z  ,%  -103,  i-Z  p,  221,  —2 

r,  001.  0  »,  130,  i-3  e,  203,  —^-l  «,  203,  5-i  o,  263,  -2-3 

The  pyramids^  and  o  were  frequently  wanting.  Tlie  ortho- 
domes  (I,  e,  8  and  u  were  very  constant  in  their  development 
and  gave  to  the  crystals  an  orthorhombic  habit.  Owing  to  the 
curved  and  striated  character  of  the  faces  the  symmetry  could 
not  be  satisfactorily  determined  by  measurement,  but  the 
optical  properties  showed  that  the  crystals  were  truly  mono- 
clinic.  In  polarized  light  the  tables  show  an  extinction  par- 
allel to  the  ortho-  axis  and  in  convergent  light  one  of  the 
optical  axes  and  the  acute  bisectrix  can  be  seen  near  the 
limits  of  the  field.  The  plane  of  the  optical  axes  is  the  clino- 
pinacoid. 

These  two  salts,  although  entirely  different  in  crystalline 
habit,  are  verv  similar  in  their  axial  ratios. 

Sheffield  Scieiititic  School, 
April,  1892. 


Art.  XIX. — Development  of  the  Brachiopoda.  Part  11. 
Classification  of  the  Stage's  uf  Growth  and  Decline;  by 
Charles  E.  Befxher.    (With  Plate  I.) 

A  BRIEF  review  of  the  known  embryology  of  the  Brachi- 
^poda  is  desirable,  in  order  to  account  for  some  of  the  differ- 
ences presented  by  adult  forms  in  the  several  divisions  of  the 
class.  This  knowledge  is  far  from  complete,  and  is  confined 
to  a  few  species,  but  much  of  interest  bearing  on  the  later 
development  of  the  organism  may  be  obtained. 

The  imix)rtant  memoirs  of  Morse,^*^^'  ^^  Kovalevski,^^ 
iacaze-Duthiers,'"  and  Shipley,"  contain  nearly  all  that  is 
fciown  regarding  the  early  embryology  of  bractiiopods.  The 
tenera  included  in  the  works  of  these  authore  conrprise 
Cigtella,  Terebratnlina,  Liothyrina,  and  Lacazella.  Later 
arval  stages  of  the  genus  Glottidia  have  been  fully  described 
J  Brooks.*    Mtiller,"  also,  has  given  a  description  and  figures 

*Ilie  works  referred  to  by  numbers  are  cited  in  full  in  the  list  appended  to 
f  article. 
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of  a  larval  form  doubtfully  referred  to  Discinisea.  Theresu 
of  these  ol>servers  must  at  present  be  taken  without  resen 
tion,  and  are  thus  made  use  of  in  the  present  paper. 

Something  is  known,  therefore,  of  the  early  stages  in  ea 
of  the  four  groups  or  orders  proposed  by  the  writer.*  T 
Atremata,  Keotremata,  and  Protremata  are  represented  bj 
single  genus  only  in  each;  Glottidia,  Discinisea,  and  Lacazel 
respectively  ;  and  the  Telotremata,  by  Cistella,  Terebratulii 
and  Liothyrina.  Were  Glottidia  and  Discinisea  as  well  kno^ 
as  Cistella,  Terebratulina,  and  Lacazella,  some  compariso 
could  undoubtedly  be  made  which  would  enlighten  many  ( 
scure  points  of  anatomy  and  morphology,  as  well  as  gi 
clearer  insight  into  the  history  and  origin  of  each  group. 

Cistella  and  Terebratulina  are  taken  as  standards  of  t 
embryological  development  on  account  of  the  completeue 
with  which  they  have  been  studied,  and  because  their  poit 
of  difference  are  not  great.  Lacazella  shows  such  peculi 
features,  that  it^  history  must  be  discussed  separately.  Tl 
nepionic  Glottidia  and  Discinisea,  too,  present  characte 
w^hich  evidently  had  an  early  history  somewhat  different  fro 
Cist^illa  or  Terebratulina. 

In  taking  np  the  review  of  the  observed  stages  of  growt 
an  attempt  will  be  made  to  fix  their  limitations.  To  thiser 
the  admirable  nomenclature  proposed  by  Hyatt**  "  is  lie; 
adopted,  as  it  is  more  convenient  and  of  wider  application  ar 
significance  than  tlie  tt-rnis  lu'retofore  used.  Thus  far  tli 
system  has  been  i'nii)]oyo(l  i>rin(*i])ally  in  studies  relating  to  tl 
mollusca,  and  itb  ajijilicatioii  tu  tlu'  ]]rae!iioj)oda  will  necc 
sarily  require  sonic  illustration  and  explanation.  In  tl 
preface  to  '*(Jenc>is<)f  the  Aricti(l;v,''  Hyatt  has  j)resented 
sumniarv  of  tlie  theoretical  oinnions  rcsultinii:  mainly  from  b 
studies  in  the  (.\*p]ial<»p«M.la.  It  i,-  believed  that  nearly  tl; 
same  irroimd  niav  bo  covchm!  in  the  l>rachi<^]^oda,  and  thnstl; 
trnth  of  these  deductions  will  receive  further  evidence  froi 
anotiicr  class  of  organisms. 

Th(?  true  emhrvoin'c  staij:es  are  classiticd  by  Ilvatt  as  Vi( 
emhryos  Mcs< inhri/n,  3Lf' tnhnjit^  Xcof'tuhnjo^  and  Tt/jxt/wry 
To  these  Jackson"  has  added  the  PIitjlaiibr(/o^  taking  it  fro 
the  later  stages  of  the  Typenibryo  to  represent  the  pcri( 
when  the  animal  can  be  referred  definitely  to  the  class 
which  it  belongs. 

The   succeed  in  4^   staires    in    the   arowth    of   the   animal 
maturity   are   termed    l)y    Hyatt    ucjnonic   (young),    nealot. 
(adolescent),  and  ephcbolic  (mature),  while  old  age  characte 
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are  called  geratoloylc.     The  subject  of  geratology  is  further 
divided  into  the  ol'mohyjic  and  noatolorjlc  stages. 

The  application  of  tliis  nomenclature  of  the  stages  of  growth 
and  decline  to  the  Brachiopoda  is  shown  on  the  following 
pages. 

12  3  4 


V  .".iKvJif.-^"- 


C (Stella  nuaimUtiiva  Scacclii. 

Fii^L'RE  1. — Protenibryo.  UTisegnif-iitoil  ovum. 

F:uuRE  2. — I'rotenibrj'o.  *)viMn  conif»o.«cd  of  two  splieres. 

fiGUKK  3. — Mesonihrvj^  Jilnstosplioro. 

haURE  •!. — Metc'iiibryo.  (lastrula.     (1- 1,  nfter  Shiph^y.) 

The  Protemhryo^  as  in  other  groui)s  of  organisms,  inchidos 
the  ovum  and  its  segmented  stages  pn^ceding  tlie  formation  of 
a  blastula  cavity.  Figures  1,  2,  show  protemhrvonic  stages 
of  Cistella.  The  eggs  are  spherical,  pyrifonn  or  ovoid,  and 
tbe  segmentation  j)roceeds  in  a  regular  manner,  resulting  in  a 
blastosphere  composed  of  e(pial  parts. 

The  Meseuihryo^  or  blastosph(*ru,  figure  3,  has  been  observed 
in  Cistella,  Terebratulina,  and  Lacazella.  The  blastula  cavity 
is  small 

The  Metemhryo^  or  gsistrula  stage,  figure  4,  is  developed 
from  the  blastosphere  in  two  ways;  (a)  by  embolic  invagina- 
tion in  Cistella  and  Terebratulina  (Kovalevski  and  Shipley), 
wd  (ft)  by  delaminatioii  in  Lacazella  (Kovalevski).  At  the 
cloae  of  this  stage,  the  archenteron  in  Cistella  is  trilobed,  con- 
siating  of  a  central  cavity,  or  mesenteron,  connecting  on  each 
side  with  the  body  cavity. 

The  Keoenihryo^  represented  by  the  trochusi)here  and  seg- 
Biented  ciliated  cephalula  stages,  has  been  more  fully  observed 
than  any  of  the  preceding.  The  iirst  advance  fj'om  the 
<5onipleted  gastrula  is  in  the  sei)aration  of  the  mesenteron  from 
^^  body  cavity,  and  the  division  of  the  organism  into  two 
stents  or  lobes,  the  cephalic  and  caudal,  figure  5.  Later  a 
third  or  thoracic  segment  is  developed  and  carries  four  bundles 
rfstifE  barbed  setie,  figure  (>.  The  cephalic  and  caudal  lobes 
tfe  densely  ciliated.  During  the  subsecjuent  cephalula  period, 
two  eyes,  then  two  othei-s  appear  in  Cistella,  and  at  the  same 
time  the  dorsal  and  ventral  sides  of  the  thoracic  set^ment 
iieconie  extended  over  the  caudal,  and  are  progressively  defined 
18  two  lobes,  figures  5-9,  24,  25. 
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Terebratulina  has  a  tnft  of  bristles  on  tlie  top  of  tlie 
cephalic  segment.  In  Lacazella,  the  bundles  of  setse  are 
absent,  and  the  head  is  more  distinctly  differentiated  from  the 
anterior  segment  than  in  Cistella.  The  closing  cephalgia  stage 
in  Cistella  has  an  umbrella-like  expansion  of  tlie  cephalic  bor- 
der, and  the  organism  becomes  a  free  swimming  larva,  fiirnres 
7-9. 


5 


>/ 


.■  ■::>i.l 


V 


CisfeHa  nfapoUUma  Scacelii. 

Figure  fi. — Neoombryo.     Kinbryo  of  two  segments. 

Figure  G. — NeoeiiiV)ryo.     (Vphaliila.  ventral  side;    showing  cepli&lic  thoracic, 

and    omidal    segmiMits,    eye    spots,    and    bundles  of    sotfe.       (5, 6,  aftw 

Kovalevski.) 
Figure  7.--NocM?mbryo.     Lateral  view  of  completed  cephaUila  stage;  shovin? 

extent  of  dorsal  {d)  and  ventral  (r)  mantle  lobes,  and  umbrella-like  cephali"^ 

segment. 
FiGUUK  S. — Xeocnibryo.     i^ame  stage ;  ventral  view.     (7,  8,  after  Shipley.) 

La  mil  utiifKfi. 

Tlie  Tijpdnhryti  is  the  larval  sta^c  at  which  some  distinctive 
feature?  make  their  ai)noarancL\  but  before  the  special  character? 
of  the  class  are  to  be  foniul,  tiirnre  10.  It  is  anal(><rous  to  the 
molhisean  embrvo  in  which  a  shell  irland  and  plate-like  initial 
shell  are  devel<^i)e(l.  Thei'e  is,  however,  no  homology'  of  parts 
or  orirans  between  tin*  typeinbrvonie  mollusk  and  brachiopod. 

In  ('istella  and  Terebratulina  the  development  of  thctyp* 
embrvo  has  been  observinl.  and  consists  of  the  folding 
upwards  of  the  lobes  which  have  been  developed  from  the 
thoracic  seirment  tu  form  the  mantle,  so  that  they  gradually 
enclose  the  :interior  end,  iiirures  i'4-'i7.  The  surfaces  of  the 
mantle  which  were  e.\teri«»r  in  the  cephalula  have  now  become 
inner  an<l  the  bundles  of  setie  have  revolved  180°,  changing 
their  direction  from  ])(>sterior  to  anterior.  This  leaver  the 
lower  part  of  the  thoracic  and  the  whole  of  the  caudal  seg- 
ment exposed.  The  outer  surface  of  the  mantle  is  invested 
with  a  hard  inteL^iment,  which,  upon  completion,  and  befow 
the   growth   of   the  true  shell   forms   the  protegulum.    The 
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at  tliie  Btage  is  also  defined,  being  a  modificatioi)  of  the 
ee^ment.  It  may  ticrvc  to  attacti  tbe  larva  to  foreign 
as  in  Cietella,  figure  10,  and  Terebratulina,  or  it  may 
nndeveloped  for  a  time  as  in  Gtottidia  and  DiGcinisoa. 
nentary  digestive  tract  is  present. 


CiiUlht  neitjioHt- 


. — XcoeniVryo.     Com|iltle<!  ctplialula  «ln)«. 

0. — Typembryo.  Trunsforiiied  lair.i  rcsultinjf  from  folding  upivarils  of 
le  lobes  over  cepbuUc  !e;;iiient:  ad.  muscles  from  bundles  of  xetai  to 
of  iKidj  cai-itj  ;  di.  muscles  from  dorsal  to  veiitrut  sides  of  body;  «/i, 
les  from  vcotral  side  of  body  lu  cauilal  eu^meut  or  jicdicle.    (9,  10,  after 

body  muscles  which  have  been  developed  thus  far 
of  four  distinct  pail's.  Two  pairs  lie  close  to  the  sides 
tody  cavity,  and  extend  to  the  points  of  insertion  of  the 
i  of  bristles,  figure  10,  ad.    They  become  after  transfor- 

tlie  four  adductor  muscles  of  the  valves.  The  third 
tends  from  the  ventral  i-ide  of  the  body  to  the  caudal 
t,  and  is  converted  into  the  ventral  pedicle  muscles, 
10,  15,  IG,  vp.  The  fourth  pair  is  situated  posterior  to 
estive  tract,  and  extendi  from  the  doi'sal  to  the  ventral 

the  body,  figure  10,  '//.     They  form  the  divaricator 

t  in   the    mature   brachio]>od,   figure  16,  di,  and   are 

into  or  duplicated  by  a  pair  of  doi-sal  and  a  pair  of 

divaricators.  There  is  also  a  pair  of  dorsal  pedicle 
1  in  the  larva  of  Liothvrina  and  Terebratulina. 


folding  upwards  of  the  mantle  tobes  forme  the  flrst 
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hinge  line  of  the  fiitnre  valves,  A/,  figures  20,  27.  Thus  its 
origin  is  not,  as  in  pelecypods,  a  line  produced  by  the  bending 
of  a  single  plate  (Jackson),  Imt  is  the  line  along  which  the  two 
mantle  lobes  are  bent  against  the  body.  Between  them  pro- 
jects posteriorly  nearly  half  the  body  of  the  animal,  and  the 
whole  opening  corresponds  to  the  ])edicle  opening  of  later 
stages  of  growth.  The  liinge  of  brachiopods,  therefore,  is  not 
primarily  a  line  of  articulation  of  the  valves,  but  the  liuiiting 
borders  between  the  body  and  the  attached  edges  of  the 
mantle.  Secondarily,  and  during  later  growth,  the  extension 
of  the  valves  along  a  line  of  apposition  forms  a  true  binge 
line. 

The  first  points  of  contact  of  the  valves  to  form  the  true 
hinge  lie  adjacent  to  the  right  and  left  sides  of  the  hodv  of 
tlie  animal,  at  the  cardinal  extremities,  figure  15,  L  flere 
naturally  the  first  hinge  teeth  are  formed,  and  their  positiou 
corresponds  to  that  in  adult  individuals;  namely,  on  each  side 
of  the  cardinal  opening.  The  enlarging  of  the  cardinal 
opening  by  shell  growth  results  in  the  gradual  divergence  or 
separation  of  the  teeth  as  in  Terebratulina.  In  species  with 
extended  hinge  lines,  as  in  many  forms  of  Spiriter,  Orthi?, 
and  Stroj)homena,  the  teeth  still  lie  in  their  original  position 
on  each  side  of  the  cardinal  opening,  and  the  elongation  of  the 
hinge  has  come  not  only  from  the  enlargement  of  the  openini: 
by  growth,  but  by  additions  at  the  hinge  extremities,  so  that 
the  teeth  are  situated  on  each  side  of  the  central  area,  belo^ 
the  beak,  and  not  at  the  cardinal  an<i:los.  The  vountj  of  these 
genera,  however,  all  have  tlu»  hinge  teeth  at  the  extremities  o^ 
the  liingo,  as  the  cardinal  oi>ening  then  occupies  the  whole 
posterior  area  of  the  shell. 

Adult  specimens  of  Kutc»rgina  (A'  r/;///// A/ A/ Billings)  have 

a  deltidium  as  in  Stropliomcna.  Tlu^  cardinal  openinir  it'- 
eluding  the  deltidium  occupies  the  whole  posterior  end  of  the 
shell,  and  aceunling  t<>  a  statement  made  to  the  writer  by  Mr. 
Charles  Sehuchert,  there  are  rndiinentarv  teeth  at  the  cardinal 
extremities.  Tlu^-c^fore,  this  genus  re[)resents  a  nepionic  con- 
dition of  later  forms,  and,  on  ac(U)nnt  of  these  and  other 
characters,  it  is  believed  to  be  related  to  Orthisina  and  Str(>- 
phoinona,  of  which  it  is  the  ancestral  typo.  It  conse(|UCiitk 
belongs  to  the  articulate  brachiopods. 

The  embrvonic  staires  n]>  to  this  ])oint  have  frequently  been 
compared  to  similar  stages  in  other  organisms,  especially  in 
the  Annelida  and  Polyzoa.  Without  repeating  these  com- 
parisons, wliich  may  be  consulted  elsewhere,  ■»•  »2.  is,  i6-i?, 21  ^^^g^. 
tion  is  called  to  the  similarity  of  development  of  the  brachiopod 
typembryo  to  the  larval  stages  oi  Spirorbis.     There  are,  how 
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iFer,  important  structural  differences.  An  article  by  J.  W. 
Fewkes,  "  On  the  Larval  Forms  of  Spiro7*hi8  horealia  Daudin,'" 
»ntains  a  nearly  complete  and  very  interesting  account  of  the 
levelopment  of  this  chsetopod.  There  is  a  striking  resera- 
Jance  in  the  characters  of  the  cephalula  stages  in  botli  organ- 
sms,  as  may  be  seen  on  comparison,  figures  11,  12.  Spirorbis 
levelops  a  posteriorly  directed  extension  from  the  middle 
legraent,  called  a  collar,  which  in  later  stages  is  reflexcd  an- 
:eriorly  so  as  to  cover  more  or  less  the  cephalic  portion,  thus 
agreeing  with  the  growth  and  change  in  position  of  the  mantle 
in  Cistella.  The  ventral  lobe  is  also  the  larger  in  both.  Many 
)ther  comparisons  and  homologies  have  been  made  by  Morse,** 
ind  the  one  here  described  is  even  more  marked  than  his 
reference  to  the  lobation  of  the  cephalic  collar  in  Sabella.  Four 
figures  arc  introduced  illustrating  the  principal  changes  in 
Spirorbis.  They  may  be  compared  with  the  development  of 
Cistella  shown  in  figures  6-10. 


11 


13 


14 


/2 


r-fO( 


SplrorbU  horealis  Daudin. 

•Jgcre  11. — Cephalula.  developing  lobo  from  the  body  (col.). 
JJirBK  12. — More  advanced  stupe. 

^^rtE  13. — |«arval  form  before  transformation;  showing?  posteriorly  (lirectod 
,    expansion  {coi)  from  thoracie  sej^ment. 

■'onus  14. — ^Transformed  Spirorbis;  showinj?  foldinjf  upwards  of  collar  partially 
endoaing  head.    (11-14,  after  Fewkcs.) 

ft  is  not  intended  by  this  to  indicate  a  close  relationship  with 
be  chffitopods,  for  the  writer  is  inclined  to  accept  the  opinion 
f  Joabin,**  that  the  brachiopbds  constitute  a  distinct  and 
dependent  clasis. 

Tne  PhylembryOy  figure  15,  differs  from  the  Typembryo  in 
\  the  completion  of  the  embryonic  shell,*or  protegulum ;  (J) 
B  fint  appearance  of  the  tentacular  lobes  of  the  lophophore, 
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or  jinnB;  (c)  the  nsnal  dehiscence  of  the  four  bandies  of  sete; 
(d)  the  ol)solo8conce  of  thu  eves;  (e)  the  definition  of  tite 
ii-sophague  and  stoinacli;  and  (f)  the  agreement  of  the  mne- 
cnlar  Bvstciii  with  tliitt  in  adult  forms.  Tliese  features,  with 
the  peJiele  which  ajjiffiarcd  in  a  preceding  stage,  represent  the 
))rueliiupix]  phylum,  and  are  properly  referred  to  the  i)hylem- 
brvonic  penod  of  Jackson.  Although  the  mollnscau  sta^ 
called  the  prodiss*ieonch  in  pelceypods,  the  prutoeoncli  m 
cepliahipods  and  gastropods,  and  the  periconch  in  Ecaphopodf, 
represents  the  completed  phvlembryo  of  these  grouiw.  as  the 
protegulnin  rc|)reeent9  a  like  period  in  the  develo])ing  hrachio- 
pod,  yet  there  is  no  homology  of  distinctive  orgaus. 


a  Stella  neajiolltmtn  Scacchi. 
.ryo.      1) 
s  of  liiphnjilifii 


TIk> 


rt    U'lHUL'lus    of    lopliopti"*     ■ 
Lples  /roiii  lypenibrro.  Op"*   ■ 


nth;  i>(  iniilhisks  is  firft  formed  on  the  posterior 
dorsid  j^ido,  iiml  is  in  the  shajie  of  a  disc,  which  gradnalK 
I'livchtps  tlio  iiiiiniiil  til  ;i  grvuter  or  less  extent,  and  iMJ 
Iiecmiie  distinctly  hiKed.  A.-;  has  heen  shown,  thisorgauifi 
the  liriK'hiopods  develojis  simnltiinoonsly  from  the  dorsal  and 
ventral  side  uf  tlie  thdrnciie  segment  of  the  ceplialnla,  and  is 
l)nTii;irily  l>il(ilii-d. 

T!ie  initiiil  shell  of  I'mehidpods  m  n<it  produced  froniadt*- 
tinct  shell  triune],  ;is  in  the  molliisca.  but  is  an  iuteguuieiitof 
the  surface  of  the  mantle  lobes,  and  intinittely  connected  with 
them.  'I"he  position  of  the  valves  is  dorsal  and  veutrsL 
The  i>ediele  has  no  organic  similarity  with  eitlier  a  foot  « 
a  byssHs. 

The  mouth  of  itiollnsks  (and  annelids)  is  formed  below  the 
base  i>f  the  ee]ihali(;  lobe  of  the  ceplialnia,  and  may  be  the 
blastopore,  while  in  the  brachiopods  it  is  near  the  anterior  pole 
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ithin  the  cephalic  segment.  Xot withstanding  these  dif- 
rencee,  so  many  parts  are  functional  eqnivalenti>,  that  their 
•owth  and  development  may  be  discussed  and  interpreted  in 
le  same  terms. 

Before  passing  to  later  stages  of  growth  which  become 
ore  and  more  divergent  from  a  common  simple  type,  some 
}int8  previously  omitted,  rehiting  to  Thecidium  (Lacazella), 
ingula  (Glottidia),  and  Discinisca,  should  be  here  noted.  As 
acazcHa  is  a  form  in  which  the  ventral  valve  in  the  nealogic 
id  ephebolic  stages  is  cemented  to  foreign  objects  by  cal- 
ireous  fixation,  it  bears  about  the  same  relation  to  other 
rachiopods  that  Ostrea  bears  to  Avicula,  among  the  pelecy- 
)ds,  and  a  corresponding  early  absence,  or  modification,  of 
any  features  present  in  adult  individuals  should  be  looked 
>r.  From  what  is  know^n  of  the  geological  history  of  Theci- 
um,  and  if  the  interpretations  of  its  phylogeny  by  the  writer 
tj  correct,  it  is  derived  from  an  ancestry  which  had  a  similar 
>ndition  of  fixation  as  early  as  the  Upper  Silurian.  Theci- 
nm  is  apparently  not  a  terebratuloid  genus.  Its  structural 
inities  are  evidently  with  the  strophomenoids,  especially 
ch  forms  as  Plectambonites,  Leptjrnisca,  etc.  Briefly  the 
isons  for  this  statement  are  (a)  the  presence  of  a  deltidium 
one  plate ;  (i)  the  absence  of  a  true  loop  supporting  the 
tns  (the  internal  calcification  or  spiculization  is  confined 
lolly  to  tlie  mantle,  and  does  not  extend  to  the  arms'*) ;  (<?)  a 
neave  place  in  the  cavity  of  the  ventral  beak,  bearing  the 
varicator  muscles ;  {<!)  the  attached  ventral  valve,  and  {e)  the 
rdinal  processes  in  the  dorsal  valve.*  The  first  character  is 
prime  importance,  because  all  the  strophomenoids  and  none 
'the  terebratuloids  have  a  deltidium  of  one  ])late. 
It  would  appear,  therefore,  that  the  early,  free  swimming, 
rval  state,  and  the  later  pediculate  stage  have  become  lost  by 
iteration,  thus  accounting  for  the  very  unequal  develop- 
lent  of  the  mantle  lobes  in  the  cephalula  stage,  and  the 
DD-active  and  early  sedentary  larvae  as  described  by  Kovalevski 
id  Lacaze-Duthiers. 

The  young  Lingula  (Glottidia)  described  by  Brooks,*  and  the 
iscinisca  by  Miiller,'"*  both  representing  the  phylembryonic 
Ige,  were  active  and  free  swimming  animals,  with  rudi- 
BQtary  pedicles.  Terebratulina  becomes  attached  or  rests  on 
B  candal  segment  during  the  cephalula  stage  (Moi*se),  while 
the  end  of  this  period  in  Cistella  (Kovalevski  and  Shipley), 
ire  is  an  active,  swimming,  ciliated  organism,  which  later 
lehes  itself  by  the  pedicle  m  the  typembryonic  period. 

Dftli  in  1870  (Am.  Jour.  CoDchologry)  made  a  clear  statement  of  the  characters 
lieciditim  and  of  manj  of  its  radical  points  of  difference  with  the  Terebra- 
ns ihowiiig  that  it  was  entitled  to  rank  as  the  type  of  a  distinct  family. 


142        C,  E,  Btecher — Development  of  the  Brachiopoda, 

From  the  facts,  tliat  young  individuals  of  paleozoic  species 
belonging  to  such  genera  as  Zygospira,  Spirifer,  Ortlus,  Ehvn- 
chonella,  and  Scenidinin,  have  been  observed  by  the  writer  to 
retain  their  original  relations  to  the  objects*  of  support,  and 
that  casts  of  the  pedicles  of  fossil  Lingulce  and  Eichwaldia 
have  been  described  (Davidson,*  Walcott"),  it  cannot  be  as- 
sumed that  the  free  swimming  condition  was  ever  present  in 
nealogic  or  ephebolic  individuals.  Evidently  it  has  always 
been  a  larval  character. 


Or  if/ in  of  (he  deltidium  (uul  deltidial  plates. 

The  origin  and  significance  of  the  deltidium*  (="pseudo- 
deltidium  ")  are  made  apparent  in  the  development  of  Theci- 
dium,  and  it  may  be  well  in  this  place  to  make  a  few  obser- 
vations on  the  genesis  of  this  important  character,  and  its 
relations  to  the  deltidial  plates  of  other  genera,  as  Rhyncho- 
nella  and  Terebratula.  It  has  been  already  noted  (Part  \\ 
that  the  deltidium  in  all  species  possessing  it  (the  Protremata) 
is  an  embryological,  or  nepionic  feature,  which  may  or  may 
not  continue  to  the  ephebolic  period ;  while  the  deltidial  plates 
in  other  brachiopods  (the  Telotremata)  appear  later  during  the 
nealogic  and  ephebolic  periods,  or  may  never  be  developed 
The  detailed  researches  of  Kovalevski  on  Clstella  and  Thecid- 
ium,  together  with  other  observations  now  first  made,  furnish 
data  for  a  clear  understanding  of  these  differences.f 

'Figure  is  represents  a  dorso-ventral  section  of  a  ripe  cephal- 
ula  just  before  tlu^  transformation,  and  shows  tho  unequal  lobt'S 
of  the  mantle,  v  i>eiiig  the  ventral  lobe,  and  d  the  dorsal:  A  is 
the  head,  and  p  the  caudal  segment  developing  into  a  pedicle. 
A  deposit  of  integument  representing  tho  shell  has  formed  on 
the  inner  side  of  the  dorsal  mantle  lobe  (</*),  and  also  on  the 
adjacent  dorsal  side  of  the  body  lobe  (del).  A  larva  somewhat 
more  advanced  is  represented  in  figure  17,  as  viewed  from  the 
dorsal  side.  The  mantle  lol)e  is  still  directed  posteriorly,  as  in 
the  preceding  figure,  and  the  underlying  shell  plate  is  shown 

*Tli«.'  sin^'K'  ]»lati'  or  covcriiiu'  to  ilio  trian^nilar  openin^r  bt-neath  ibc  veiitrs/ 
l»oak  >liouUi  l»<.«  tt-riiKHl  tin*  (A /''///.. </w.  as  it  was  tlius  oxtonsivt-ly  used  bv  Davifisoo. 
Wlioii  it  f-oiiHists  of  two  i»lati's  t!:('v  May  bt*  called  'ItflU'Uai  vhUs.  These  nanW 
liave  bf'oii  loo.seiy  used.  In  Part  !  «■<"  tliis  i)a|HM'  the  dcltiiiiuin  proper  is  referred 
ro  as  j»edicl».'  (•ovl•ri^L^  pfuii'lL'  ^"  *  .ali.  and  ps(^udo-d»dlidiuni.  Hall  and  <lark* 
have  ]»roposeil  to  call  the  triani^'ilar  uponinir  in  the  beaks  of  brachiopod?.  tin 
(fefllfijf"'ni.  i\m\  the  eonrave  pj.ii.-  in  the  ventral  beak  of  rentamerus.  Orthisiofc 
etc  .  they  liavo  termed  the  ■^•'•■'fhjLih„i.  Tht-re  yet  remains  a  term  for  the  conT« 
plate  covjTing  the  openinj;  i'elow  the  beak  of  the  dorf^iil  valve,  and  resembliU 
the  deltidium  of  tho  opposite  valve.  For  this  feature  the  name  chUidtum  {X"'*^ 
is  here  proposed. 

t  Kovalevski.''^  For  Thecidium  eousidt  the  explanation  of  PI.  IV,  figs.  15-Ji 
For  (.'isjtella.  IM.  I.  tigs.  V^-\:>\   V\.  11,  ri^'s.  17.  li)-2l. 
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Thecidium  (Ltic^izdln)  )tierllterranenm  Risso. 

riGUBE  17. — Cephalula;    dorsal  side,      ds,  dorsal  sliell  plate;    h,  head.     (After 

Kovalevski.) 
Figure  18. — Dorse-ventral  loDgitiulinal  section  of  cephalula  of  about  same  agre 

as  precediupr.     ^,  head;    d.  dorsal  mantle  lobe:   r,  ventral  mantle  lobe;  ds, 

begioDing  of  dorsal  valve;  del,  shell  plate  forming  on  dorsal  side  of  body;  j», 

pedicle.     (After  Kovalevski.) 
Figure  19. — Typembryo.     Larva  transformed  from  folding  upwards  of  mantle 

lobes.     A,  head;   d»,  dorsal  valve;   hi,  hinge  line  of  dorsal  valve ;  f?^/.  shell 

plate  on  body  and  pedicle  posterior  to  hinge  lino  of  dorsal  valve.     (After 

Kovalevski ) 
Figure  20. — Dorso-ventral  longitudinal  section  of  preceding.     References  as  in 

figure  19.     V8,  ventral  valve. 
FlGCRE  21. — Profile  view  of  nealogic  Lejifcena  rhombuidalia.     The  features  of  the^ 

shell  are  placed  and  lettered  as  in  flgiire  20.     da.  dorsal  valve;    hi,  hinge' 

line;  rfe/,  deltidium;  p,  pedicle  opening;  rs,  ventral  valve. 
FkGURE  22. — Adult  Thecidium  [Lticazflla)  infdiftrraneum ;   dorsal  side;  showing 

ventral  area  and  deltidium. 
FMuke  23. — Profile  of  same.     References  as  in  figures  20  and  21. 

lids.  In  the  process  of  transformation  (figs.  19,  20),  the  man- 
tle lobe  is  turned  forwards  in  the  usual  manner,  bringing  the 
shell  on  the  outside  of  the  animal,  so  that  both  dorsal  plates 
ire  now  exposed,  cfs  being  the  dorsal  valve,  and  cM  the  shell 
developed  on  the  dorsal  side  of  the  walls  of  the  body  and 
candal  segments.  (As  this  plate  (f/<?/)  is  below  or  posterior  to 
fte  hinge  lino  (AA  and  extends  down  over  the  pedicle,  it  is 
eridentJy  the  beginning  of  the  deltidium.  ■  At  the  same  time, 
there  is  an  extension  of  the  edges  of  the  mantle  and  pedicle 
on  the  ventral,  or  lower  side,  and  shelly  matter  is  deposited, 
bnning  the  ventral  valve  {v8\  figure  20.  At  this  stage  the 
hinge  Dne,  figures  19,  20,  hi,  is  the  line  between  the  dorsal 
numtle  shell  [ds)  and  the  dorsal  body  shell  plate  {del).  The 
heik  of  the  ventral  valve  is  separated  from  the  doi-sal  beak  by 
the  pedicle  and  the  shell  covering  to  the  pedicle  and  body 
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lobe,  or  the  deltidiiim.  The  valves  afterwards  meet  at  their 
peripheries,  the  liin^e  is  extended  l)eyond  the  deltidiain,  form- 
ing the  true  hinge  of  articuhite  brachiopods.  As  there  is  no 
motion  between  the  ventral  valve  and  deltidium,  the  two 
become  ankylosed.  Figures  22,  28,  showing  an  adult  Theci- 
dium,  are  lettered  in  the  same  manner  as  tlie  preceding,  and 
express  the  same  relation  of  parts. 
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25. 


27. 
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Fi«5rHi:  ■_' L  — I.Mii-ral  vit.'w  of  iv.iMp.cit-rl  (.-I'ltliMlula  srayrc.  7,  dorrJal  lobi*  of  uiau- 
!!<■:   -■.  Vfiitral  lolx-.     (  A  U»t  Sli:|.l«'y  i 

FiuriM;  -.")  -  l»nr-<i-Vfiitral  IcTiuiiU'lirial  srctioii  of  saiiu?:  sliowing  i>or*ttTioriv  ex- 
r".MMlc(l  iMiiiitl-'  1' •!»■•<.  </•«  ar.d  ''«.  iiuH-r  surfaros  of  njanlK'  lo^'/s  which  arc-io 
l«-nii  "l.T-al  ap'l  \ciitral  valvos.     iAII'M'  Sliiploy.) 

P^icl'Im:  2»l.  TyiK'ii;luv<».  I'or^^al  vii-w  of  larva  aftt-r  tranrfforiiiatiou.  /^  head: 
'As.  (i«.rsMl  v:il\..':  hi  iiiiiLrf  line  i'>'i  dorsal  valve:  j>,  poclirle.  (AfUT  K->Ta- 
h'V^ki.  I 

FkU'RK  '27 — Dor.-o-vi-'iitral  loii^iiinlirial  scctinii  KaFod  on  procfdincT :  sliowiu^rrU'^a* 
t!r  I()li"S  <i:rci*ti.Ml  forw.ipl-.  i;rii»iriiijr  interior  slioll->ecrvtin>r  s\l^fac'(•^, '/■?  auii 
;.s  ni  ti_'un'  'J.'),  oil  t!;c  cxti'iior.  A.  lp?a<l :  f'.s\  dorsal  valve:  hi,  dorsal  hinge: 
/■>■.  ventral  valve?;   hi',  \cnlral  l:inire  :  f,  pediok'. 

FnuHi: 'Js.  -  I>iir»al  view  of  early  iirpionie  slu/ll,  sliowinpf  larsre  posterior  open- 
ing' bctwe-v-n  valve><.     (  Vfu-r  Koval-  \ski  i 

Kkuuk  2'j. — l'ri":il«.'  of  sanu-.     ils,  dorsal  valve:   '*.  ventral  valve:  /*.  pedicle. 


The  deltidium  Is  not,  tliercfore,  primarily,  on  account  of  it 
manner  of  origin,  an  intOLrriint  j)art  of  the  ventral  valve,  bu 
is  a  shell  growth  from  the  dorsal  side  of  the  body,  wbich  aftei 
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rds  becomes  attached  to  the  ventral  valve,  and  is  then  con- 
lered  as  belonging  to  it. 

The  further  growth  of  the  deltidium  around  the  body  and 
dicle,  and  its  consequent  extension  into  the  cavity  of  the 
ntral  umbo,  may  explain  the  origin  of  the  spondylium. 
Kovalevski'*  believed  the  ventral  valve  in  Thecidium  was 
ereted  by  the  expanded  edges  of  the  pedicle  and  the  body 
ilk,  whether  or  not  this  is  so  does  not  aflEect  the  interpreta- 
)n  of  the  origin  of  the  deltidium.  From  the  observations  of 
icaze-Duthiers,"  it  seems,  however,  as  though  the  ventral 
aiitle  lobe  must  have  formed  the  shell  in  the  usual  way. 
his  appears  all  the  more  probable  from  the  fact,  that  the 
wer  or  ventral  valve  is  punctate,  and,  so  far  as  known,  the 
antle  contains  all  the  c^ecal  prolongations,  which  alone  could 
•odiiee  the  punctate  structure.  Careful  microscopic  examina- 
on  has  failed  U>  detect  punctjv  in  the  deltidia  of  Thecidium, 
trophoraena,  Leptiena,  and  other  punctate  genera  belonging 
•  the  Protremata. 

It  is  true  that  Aulosteges  has  spines  on  the  deltidium,  but 
)ines  even  when  tubular  are  not  equivalent  to  punctjp,  as 
lowii  in  Productus,  Strophalosia,  and  some  species  of  Spirifer. 
lUlosteges  is  a  geratalogous  genus,  which  has  become  exces- 
vely  spinose,  and  has  also  reverted  to  ancestral  characters  in 
8  high  hinge  area  and  conspicuous  deltidium.  It  is  well 
ttown  that  even  the  spires  of  Spiriferina  and  the  loop  of 
tacandrevia  are  spinose. 

Turning  now  to  Cistella  as  a  representative  of  the  Telotre- 
ata,  a  different  process  obtains. 

Figure  24  represents  the  fully  developed,  free  swimming 
phalula  of  Cistella,  and  shows  the  extent  of  the  folds  of  the 
intle  and  their  posterior  direction.  Figure  25  represents 
8  same  in  section.  The  inner  sides  of  the  mantle  lobes  are 
form  the  future  valves,  the  dorsal  ds^  and  the  ventral  m. 
le  transformed  larva  or  typembrvo  is  represented  in  figure 
and  in  section  in  figure  27.  It  is  seen  that  the  transforma- 
n  consists  in  the  folding  forwards  of  the  mantle  lobes  over 
5  bead  segment  h.  Now  the  shell-seercting  layers  of  the 
ntle  are  exterior,  and  the  two  valves  begin  to  form,  the 
rsal  shell  ds^  and  the  ventral  vs.  The  pedicle  and  posterior 
tion  of  the  body  come  out  freely  between  the  valves  and 
Dtle  lobes  and  limit  the  hinge  areas  of  both,  Id  anp  Id'. 
The  further  process  of  growth  increases  the  distance  between 
initial  dorsal  and  ventral  hinges,  for  while  the  original 
sal  beak  is  usually  maintained  at  the  hinge  line,  the  ventral 
k  is  progressively  removed  and  the  ventral  hinge  travels 
Q  ita  first  position  at  the  beak,  along  the  edges  of  the 
N>  leaving  an  open  triangular  area  or  delthyrinm  in  the 
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ventnil  valve  occiij.>ied  by  the  pedicle.  This  condition  repn- 
sentP  the  extent  oi  tlie  development  of  these  parts  in  Men*- 
tina  rcrtiro/ftni  Hall  or  (ricj/nki  cajmtia  Jeffreys,  whicli  lack 
deltidial  pkteR  in  the  adult  shell.  The  youiiir  of  other  telo 
treiiiatt;  speeies,  jib  Mmjelliinifr  jiavencena  or  I'ereh-atvlina  ttp- 
tentfH'nalh,  agree  in  the  same  res]iect. 


ni[;ll>..llj^ 
^l,-l!uluil. 


iriiiiik'nliir  Joltiil),.!  pblcF 
:    t>tiiiwi]i)[  jiiiiiiiig  vf  (leltiJbl 
'tit  nil  Ijtiiik. 
V  :  i^lioiviiiK  cuiii|>lrtMl  iklluluil 


rii'irh  ^llMlv;lll.-  flisrht  M'l'uiiilnry  i'\ti-iiHLoii  of  veuinl 
■iiii.^.'i|iifiii1v  Pill  itl  ilHliilial  pliiiw  nri'  M'cn.'ted  in  rliU 
si..ii.-(iiisr  iU-lliiii.il  [iliiii-^  -..n  Am-V-.L 
t  i>iii1i<.ii.tl  iK.rti..ii  iir  J/"j./fcini«>(.-.s,u.s.  will,  llw 
fl.Mwiti-  ilii-  ■i.miilt.f.'  [-iivr-loinncnl  o(  liiise  of  Hide 
^  \t-i\i:  v.'iiir.il  iiiiiiiili..  uiiil  ifni-oqiieut  produtliira rf 
i.  ;i!.ii-iu:ii  v\'--\A  M  |"'iiidi-ii[ieiiiiig.     See  Kgiin  iiJ- 

till' ;ijiiiii;il   ;ii   this  (.ta^t!  shows  that  the 

■  i\u-  iTirvrinruj'  the  v;.ives  proper.  The 
iNiintlc  iifi'  iirniiiKi   the  peripheries  of  tlie 

■  Ttiiin  i>f  I  lie  vciiti-ai  iiKiiitle  honler  liniit- 
lirii;'  aiiil   |i:i>-iiijr  iili.rij;  the  sides  of  th« 

■j'lic  vr!irr;il  tiiiintle  KriK-lniilly  extend) 
.Vii  |iciili.jiir:iiiniis  partially  covering:  the 
ii^'  the  ]iriixiiiiiil  portion  <if  the  pedicle. 
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lB  this  is  an  extension  of  the  shell-secreting  surface  of  the 
uintle,  there  naturally  results  the  formation  of  two  plates 
?ithin  the  deltidial  area.  Their  structure  is  commonly  punc- 
;ate  whenever  the  valves  are  punctate. 

These  outgrowths  or  extensions  of  the  mantle  into  the  delti- 
dial area  iinally  touch  and  coalesce  until,  as  in  M,  jiavea^cenH^  the 
pedicle  emerges  through  an  opening  in  the  ventral  mantle, 
xxxA  pari  pasan  the  deltidial  plates  unite  and  limit  the  pedicle' 
•)pening  to  the  beak  of  the  ventral  valve.     The  latter  process 
Lag  been  carefully  described  by  Deslongchamps,"  Clarke  and 
the  writer*  and  need  not  be  dwelt  on  here.     Fimires  35  and 
•^fiof  the  beaks  of  T,  septentrionalh  and  M.  Jiavescens  with 
the  shell  removed  show  the  relations  of  the  ventral  mantle  to 
the  pedicle,  and  the  portions  which  secrete  the  deltidial  plates. 
The  deltidium  and  delthyrium  are  often  simulated  in  the 
jrrowth  of  the  dorsal  valve  in  genera  having  a  high  cardinal 
area  in  this  valve.     Orthis,  Lepta?na,  Clitambonites,  Spirifer, 
and  Stricklandinia,  may  be  cited   as  examples.     They  cannot 
properly  be  correlated  with  similar  j)art6  in  the  ventral  valve, 
for  their  origin  is  quite  different.     Primarily,  a  deltidial  open- 
ing is  for  thc)extrusion  of  the  pedicle  and  this  belongs  pro- 
perly to  the  ventral  valve.     The  dorsal  fissure  is  the  space 
'>etween  the  diverging  teeth  sockets,  and  may  be  filled  by  the 
cardinal  process,  as  in  J^epta'ua  and  Ortliis,  or  it  may  have  in 
addition  a  convex  plate  or  chilidium  covering  it,  as  in  Clitam- 
bonites.    In  Spirifer  and  Stricklandinia,  the  opening  remains 
unclosed. 

The  true  deltidial  plates  are  formed  on  the  side  of  the  pedi- 
cle adjacent  to  the  hinge  by  extensions  of  the  ventral  mantle 
lobe,  and  begin  as  two  plates.  They  are  likewise  exj)res3ive 
of  maturity,  and  are  of  secondary  development,  while  the 
deltidium  begins  as  a  single  plate  in  the  median  line,  and  is 
eminently  a  primitive  character  in  the  Protremata. 

From  present  knowledge  of  the  group,  it  is  difficult  to  offer 
ui  explanation  for  the  presence  of  an  anal  opening  in  the 
Inarticalata  and  its  absence  in  the  recent  Articulata,  as  the 
8(Jntion  of  the  question  depends  upon  whether  the  class  is  to 
be  considered  aa  progressive  or  degraded.    The  dorsal  beaks  of 
Amphigenia,  Athyris,  Clciothyris,  Atrypa,  and  Kliynchonella, 
are  nsnally  notched  or  perforate.     The  perforation  comes  from 
the  union  of  the  crural  plates  above  the  floor  of  the  beak  leav- 
ing a  passage  through  to  the  apex.     A  similar  opening  occurs 
between  the  cardinal  processes  in  Strophomena,  Strophcodonta, 
and  allied  genera,  ana  the  chilidium  may  also  l)e  furrowed,  as 
'D  Lepimna  {^Stropho7neHa)  i^homhoidnUs,      This  character 
s  evidently  in  no  way  connected   with  the  pedicle  opening. 
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bnt  points  to  the  existence,  in  tli«  early  articulate  ^iien 
an  anal  openirif;  dorsul  to  th«  nxial  liuo,  uh  in  thv  rec 
Onoia.  Tdib  dorsal  fdraraen  was  degcribed  arid  ti}!:urv<l 
Sine"  in  1850,  Ilall'  in  ISCO  and  hy  eoveral  nnthors  air 
and  oaa  oomaioiily  been  termed  a  vistieral  foramen. 

(Ehler^  sngxeste  tbat  it  wue  probably  occupied  by  thei 
minal  portion  of  the  intestine.  Tlit;  iiorsii^tonci;  of  tlie  foreo 
eeenu  to  iadicute  an  anal  openine.  lu  reference  to  t 
character  and  the  obsolescence  of  tho  eyi-s  the  clafs  mnat 
viewed  ftB  retrogreeeire  gioci<  i»iluoz(>ii:  time.  Other  festui 
howerei^  ue  manifestly  progrCRaive;  namely,  t)io  gradi 
Bhortening,  through  time,  of  the  posterior  eleraenbi  of  1 
animal,  as  thu  pedicle,  viMcural  portloue,  and  int«ma1  ^ 
Btniotarea,  and  the  expansion  of  the  anterior  purtt.  as  the  eli 
and  braohia. 

A  further  advance  in  >4]>ecia11zation  is  shown  in  the  liuiitsti 
of  the  pedicle  opening  wholly  to  the  ventral  valve  in  t 
hiffher  rhynchonelloida,  athyroide,  spirifcroidti,  and  terebra 
loida.  The  ubsence  of  puncta^  in  all  the  curly  radicles* 
their  BabBeqncnt  development  in  the  derived  t^puH  mavft 
have  a  simifu'  ixiari^u;. 

The  featnros  and  importance  of  the  protegulum  havcp 
viotuly  been  diaonssed,'  It  is  merely  noticed  heru  a»  t 
embryonic  shell  of  the  completed  phyleuibryonic  period,  fw 
IB  the  first  stage  which  ean  be  observed  among  the  ftt 
species,  and  is  the  initial  point  for  the  discuEsions  of  t 
relations  and  tiffinities  of  recent  and  fossil  forms.  Of  t 
proteenlnm  and  later  stages,  there  is  abondant  materia]  tri 
able  in  nearly  every  family  of  brachiopods,  ran^ng  thnH) 
their  entire  geological  history. 

Poat-embryonic  Hage». 

In  discussing  the  post- embryonic  stages  of  growth  f 
asjKcts  of  development  must  be  clearly  difEerentiated ;  (tf))l 
ontogcnetical,  and  (h)  tlic  phylogenetical.  The  onCtweny  4 
form  like  Scbizocrania  may  be  conveniently  dividea  into  1 
nepionic,  nealogic,  and  ephebolie  periods,  and  each  stqgei  D 
be  clearly  defined.  The  ephebolie  stage  of  Schizoorania,  bo 
ever,  is  like  a  nealogic  stage  of  Orbiculoidea.  In  other  wof 
Orbiciiloidea,  in  its  (Icvclopnient,  passes  through  a  Schiitodtf 
like  stage  before  reaching  maturity.*  These  facts  miut 
viewed  from  u  phylogeuetic  standpoint.  Moreover,  in  I 
geological  history  of  a  group,  certain  ephebolie  cbaraoten 

'Atteolion  wan  cnllei)  to  t\\\n  fact  In  a  pul>lication  preliminary  to  vol  ti 
the  Palifioiitolog)'  of  Sew  York.  pp.   i;il.  132.  isBiieil  ""  '  "" 

devetopmcDl  ol  the  pedicle  opcutDg  in  Orlilculoiitea  <k 
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pecies  may  become  accelerated,  and  pass  into  tlie  nealogic 

of  later  forms,  while  other  characters  remain  epliebolic. 
isca  offers?  an  illustration  of  this.  Its  nealogic  characters 
with  Orbicnloidea  in  the  form  of  the  valves  and  in  tlie 
e  notch,  but  the  circular  or  elliptical  form  of  the  doi'sal 
in  adult  andj  nealogic  Orbicnloidea  appears  so  early  in 
lisca,  that  it  marks  all  the  nepionic  stages.  The  inter- 
ion  of  these  facts  is,  of  course,  very  evident,  and  will  be 
[uently  given  in  detail.  Attention  is  here  called  to  the 
tent,  that  while  nepionic,  nealogic,  and  epliebolic  stages 
ent  equal  intervals  in  the  life  ot  each  individual,  they  do 
^present  conditions  of  growth,  or  the  j^ossession  of 
ters  which  always  agree  stage  for  stage  in  the  si)ecies  of 
mily  or  of  different  families. 

er  distinctions  to  be  made  whenever  possible  are  (a) 
er  certain  characters  (natural  or  ae(iuired)  belong  to  a 
3  by  inheritance,  or  (^/)  are  mere  adaptations  to  special 
ions  of  environment  arisini!:  at  anv  time  in  its  history. 
ar  understanding  of  the  first  will  lead  to  the  true 
ifeny  of  a  species  or  genus,  but  to  reach  this  the  charac- 
l  the  second  category  must  be  excluded.     Thus  in  the 

of  Schizocrania,  Orbiculoidea,  and  Discinisca,  already 
there  is  an  apparent  genetic  coimection  in  the  facts  as 
The  contrary  must  be  the  case  with  a  shell  like  Lingula 
unata  Williams,  and  L.  rlt'inlfoniiU  Hall  which  initiate 
peripheral*  mode  of  growth  in  the  e|>hebolic  period,  for 
greeir.ent  in  the  method  of  concrescence  with  adult 
iloidea  here  appears  in  the  mature  stages  of  this  species, 
eing  absent  in  the  early  members  oi  the  genus  cannot 
ore  be  an  ancestral  character.  It  is  a  morphological 
ilent,  which  may  or  may  not  be  continued  in  the  later ' 
3  of  the  series. 

enever  features  are  present  which  can  be  referred  to  an 
ral  origin,  their  elimination  can  take  place  only  by  the 
18  of  acceleration  of  development.  On  the  other  Iiand, 
may  be  secondary  characters  of  dynamical  or  homoplastic 

wnich  appear  simultaneously  or  independently  in  dif- 
gronps  belonging  to  diverse  genetic  lines,  as  the 
ial  plates  of  the  Khynchonellida[>,  Terebratulida^  and 
Bridie.  Farther,  many  such  secondary  features  may 
anywhere  in  the  geological  history  of  the  group,  as  the 
hinge  area  of  Orthisina,  Spirifer,  Syringothyris,  and 
lium.     These  statements  are  in  full  accord  with  what 

has  determined  in  the  Cephalopoda,  and  the  application 
h  ideas  affords  a  fertile  field  of  research. 

♦o/^f,  whole:  rre^jfoifmnj  circumference. 
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Preliminary  to  a  study  of  the  stages  of  growth  observed  ii 
the  different  orders,  a  simple  characteristic  example  of  eid 
will  be  taken  to  show  the  limitations  of  the  post-eoibryoni 
periods, 

Nepiomc  period, — In  brachiopods,  as  in  pelecjpods,  thi 
period  represents  the  growth  of  the. true  shell  immediatel 
succeeding  the  embryonic  shell  or  protegulum,  and  before  th 
appearance  of  definite  specific  characters.  In  general,  tli 
nepionic  shells  of  all  groups  are  marked  only  by  fine  concen 
trie  lines  of  growth,  and  are  therefore  nearly  smooth.  Some 
times,  however,  a  few  radiating  striae  or  other  ornaments  ma; 
appear  over  the  nepionic  portion,  but  this  is  not  the  prevailioj 
rule.  Oholu8  pult'her  Matthew  shows  a  cancellated  nepionii 
stage  and  is  one  of  the  most  striking  exceptional  examples 

Plate  I,  figure  1,  represents  the  nepionic  stage  of  Glottidh 
alhida^  drawn  from  the  beak  of  a  well-preserved  adult.  Thi 
shell  at  this  period  had  a  short  straight  hinge  (originally  tlii 
hinge  of  the  protegulum),  with  lines  representing  anterior  aii( 
lateral  growth,  making  the  outline  broadly  ovate.  It  i 
divided  from  the  succeeding  growth  of  later  stages  by  a  stroDj 
varix.  The  form  is  suggestive  of  Obolella,  and  as  this  is  th( 
early  form  of  growth  of  many  of  the  Lingalid»  and  allie( 
families,  it  is  here  called  the  OboleUastage.  It  is  no 
known  that  otherwise  the  characters  agree  with  those  o; 
Obolella,  but  as  it  is  characteristic  as  well  as  descriptive  th^ 
name  is  used  to  designate  this  form  of  nepionic  growth  when 
ovt»r  prosont. 

Till'  ni'pioiiic  stair*'  <»f  Orh',c*iluiiIr,(  mimitn^  figure  4,  showi 
a  ».M)ntiiniaiK*r  of  x\\v  straight  hinged  condition  after  the  com 
plrtinii  of  x\w  tMnl>rvi>nic'  sht'Il,  with  nearly  equal  incrementa 
liiu'^.  As  this  airroos  with  tlio  shell  of  Paterina  it  is  called  the 
/*'//f /'///f/-.v/(//A.  Tlir  ivdii.*lo  onierwd  freelv  between  the 
vMnliiiMl  inaririii>  of  tho  valvos.  It  will  be  shown  that  boto 
this  aii«l  tlic  Oholrlla-stagc*  are  re]»resented  in  the  nepionic 
]HMiocl>  of  many  i^oncra  hoh>niring  to  the  Atremata.  Thej 
may  siu-cmmhI  rac-h  other  in  a  >inirle  si>ecies  or  one  alone  mavb^ 
I»i\'mmii.  Ill  i-a-t'  iM.th  appear,  the  Paterina  stage  is  always  the 
tirst  oiu'  t«»  In'  (K'vrlopo'l. 

Thr  m'pionir  >tairi'  <»f  L  j^f'i  n^f  (  =  S( rophomena)  rhoinhi- 
.A/' 'a.  !iir.  7,  IM  1,  is  reprt'Si*ntiMl  liy  a  shell  without  radii. 
liaxin-  a  coinparatix  »^ly  larirr  pedicle  opening  in  the  ventral 
\:il\e  aiiii  a  hir^re  (leltiiliuiii  The  hiuire  is  not  well  defined 
aihl  the  bht'll  is  «iisiMii.»iil  in  form.  This  term  i.^^  not  used  to  6U2 
LTf^r  any  speeial  atlinities  with  true  discinoid  genera,  as  Orbicu 
K'iilea  «»r  Piseiiiisi'a.  The  proj>er  name  for  this  stage  is  no 
yet  apparent  to  tiu-  writer.  The  external  charaetei'S  as  e: 
presM'd   l»y    hoth  valves   are   manifestly   nearer  to  Kutorgii 
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than  to  any  telotremate  genus.  Until  the  early  forms  belong- 
JDgto  the  articulate  brachiopods,  especially  to  the  orthoid  and 
strophouienoid  groups,  have  been  thorouglily  studied,  the 
interpretation  of  the  nepiouic  Leptcena  rhomhoidalie  may  be 
nncertain.  It  should  be  noted,  however,  that  the  young  of 
Chonet€s,  Productus,  Stropheodonta,  Orthothetes,  Leptiiena, 
Plectambonites,  and  Strophomena,  all  have  little  or  no  indi- 
cation of  a  straight  hinge  line,  and  that  the  extension  of  this 
member  takes  place  during  later  nealogic  and  ephebolic  growth. 
This  in  itself  is  significant,  but  is  more  marked  when  taken 
with  the  growth  stages  shown  by  some  species  of  Strophomena 
which  have  after  the  protegulum,  a  Paterina-Hke  stage,  with 
straight  hinge  in  dorsal  valve,  succeeded  by  holoperipheral, 
diBcinoid,  nepionic  growth,  and  finally  a  renewal  of  a  straight 
hin^  condition.  Thus  it  has  an  early  straight  hinged  form, 
which  is  lost  during  the  next  stage  of  growth,  and  again 
appears,  and  is  progressively  elongated  during  nealogic  and 
ephebolic  growth. 

The  nepionic  stages  of  Terehratulina  septetitriondlis^  fig.  10 
PI.  I,  represent  a  decreasing  extension  of  the  cardinal  line  from 
the  protegulum,  an  open  delthyrium,  the  absence  of  radii,  and 
the  introduction  of  the  shell  punctj^.  The  crura  at  this  stage, 
as  shown  by  Morse,  are  short  and  stout,  and  the  loop  is  unde- 
veloped. 

ifealogic  period, — During  the  progress  of  this  period  all  the 
featoFes  which  reach  their  complete  growth  in  the  adult 
omnism  are  introduced  and  progressively  developed.  Usu- 
ally they  appear  in  succession,  and  gradually  assume  mature 
oonditions.  Thus  in  many  species  with  radiate  plications  or 
striae,  a  few  radii  appear  in  early  nealogic  growth,  and  are 
^ded  to  until  the  full  number  is  present.  Species  with 
deltidial  plates  develop  them  in  this  period.  The  early  stages 
fltty  oflfer  many  points  for  comparison  with  the  adult,  but  later 
stages  usually  differ  little  except  in  size.  Figures  2,  5,  8,  11, 
Plate  I,  represent  a  nealogic  stage  in  each  of  the  four  species 
taken  as  examples.  Others  from  the  same  species  could  be 
{(iven,  bat  these  suffice  to  show  that  one  or  more  character- 
tttic  adult  features  have  made  their  appearance. 

Epheholtc period. — The  period  of  complete  normal  growth, 
or  the  maximum  of  individual  perfection.  This  corresponds 
to  the  adult,  or  mature  organism,  and  is  so  well  understood 
thtt  no  further  explanation  is  necessary.  For  the  sake  of 
eompleting  the  series,  the  ephebolic  shells  of  the  species  given 
ire  represented  in  figures  3,  6,  9,  12,  Plate  I. 

Oerafoloffie  period. — The  variations  due  to  old  age  may  be 
nmerouB  and  complex.  As  shown  by  Clarke  and  the  writer,'' 
le  Tftlves  fi;eQeralIy  become  thickened,  and,  as  a  consequence, 
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the  margins  are  truncate  or  varicose,  tbe  vertical  diameter 
the  shell  is  increased,  the  beaks  invohited,  and  the  margins* 
the  valves  often  lose  the  ornamentation  characteristic  of  tl 
species.  The  deltidial  plates  or  deltidium  may  1x3  resorbed; 
well  as  the  beaks  of  tlie  valves.  Usually  the  ephebolic  chara 
tors  disappear  in  inverse  order  to  their  introduction.  This; 
called  the  clinologic  stage  of  geratology  by  Hyatt.  Thus  in 
normal  adult  brachiopod  having  a  plicate  shell  and  deltidif 
plates,  which  characters  were  introduced  during  the  neaIo|i;i 
])eriod,  the  expression  of  old  age  will  be  found  in  the  absorp 
tion  of  the  deltidial  plates  and  in  the  obsolescence  of  th 
l)lications.  Large  specimens  of  Tet^thraiella  travm'ersa  So^ 
often  furnish  examples  of  this  clinologic  stage. 

The  geratologic  development  of  Bilobites"  consists  in  tli- 
obsolescence,  in  B.  variciuif  Con.,  of  the  bilol>ed  form  of  th 
shell,  thus  reverting  to  an  early  nealogic  condition  equall; 
characteristic  of  B.  bilohus  and  B.   Verneuilianns. 

Another  aspect  of  growth  and  decline  is  manifest  when  thi 
size  of  individuals  and  the  chronological  history  of  groups  an 
taken  into  consideration.  Each  genus  and  family  began  witl 
small  representatives,  and  rapidly  developed  the  more  radica 
varieties  of  structure.  Then  came  the  culmination  and  fina 
reduction  in  size,  with  abundance  of  geratologousand  patboli^ 
forms.  The  oldest  known  shell  with  calcareous  spires,  Zygo 
spira,  is  a  comparatively  minute  form.  Nearly  all  the  tyi)esol 
the  suborder  to  which  this  genus  belongs (Ilelicopegmata)  appea. 
in  tlie  Tpper  SiJiirinn.  Species  presenting  the  maximum  ?iz( 
]>eloiiir  to  the  Devonian  and  Carboniferous.  Before  the  extiiic 
tion  of  tlie  suborder  in  the  Trias,  the  individuals  are  small  anc 
such  ai)nonnal  gen«jra  as  Tlieco^pira,  Ivoninekina,  and  Ampin 
elina,  abound.  l*ro(luetus  begins  with  small  s])ecies  (Prodnc- 
t«'lla)  in  the  Lower  Devonian,  and  in  the  Carboniferous  attain; 
the  larirest  dimensions  of  any  known  brachiopod  {P,  giganttV^] 
During  the  Permian,  tlie  species  have  <lwindled  in  size,  anii 
t!n»  geratologous  Stroplialosia  and  Aulosteges  are  the  clii^' 
representatives. 

Tiie  <Mil  mi  nation  of  ireratolowus  irrowth  results  in  the  re 

^i..  .11' 

version  <>f  the  animal  to  its  own  nepionic  period,  and  is  eaiiec 
tlie  nosfn/fKjic  situji:.  As  this  is  an  extreme  condition,  it  car 
l»e  found  only  in  certain  genera  and  species  which  have  beei 
developed  h\  a  ])rocess  of  accelerated  geratologous  heredity 
If  (rwynia"^  is  aceej)ted  as  a  valid  genus,  it  belongs  to  a  pro 
nouneed  nostn]<^ori(»  typ(^  The  shell  has  a  small  internal  plat 
on  each  >ide  of  the  dorsal   umbo,  evidently  the  bases  of  criirt 

*S(>iiie  Jiiitlmr:*  liave  I'ef-ii  <i:-])<»M  d  to  consider  this  form  as  the  young  of 
siiccii'hi  not  yet  d<;tt-rniirii.'d.  It  \\\\<  also  lieen  roffrred  to  Sfacandrevia  craniu 
Cisttlhi  cistefluln,  and  C.  n^ajtoUiinm.  This  question  cannot  at  present  be  deV 
mined,  although  some  charaotcTs  of  the  shell  indicate  n  mature  organism. 
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lates.  King.'*  the  author  of  the  genus,  states  that  the  labial 
ppendages  are  attached  directly  to  the  shell,  and  not  to  a 
)op,  as  m  other  genera  of  the  family.     Cistella  may  be  taken 

8  a  representative  of  nostologic  development  among  the 
jrebrataloids.  The  species  are  smooth,  or  pauciplicate,  and 
mall;  deltidial  plates  obsolescent,  loop  more  or  less  unde- 
eloped.  In  C.  neapolitana^  the  lamellae  of  the  loop  are 
early  obsolete  and  are  free  only  near  the  crura,  while  the 
nterior  portions  are  confluent  with  the  valve  (Shipley).  A 
light  progression  of  these  reversions  would  naturally  result  in 
degenerate  form  like  Gwynia,  which  is  without  a  calcareous 
Dop;  with  no  surface  ornamentation;  deltidial  plates  absent, 
miictse  few  and  large,  all  of  which  features  are  strictly  nepi- 
nic.  Besides  Cistella  and  Gwynia,  other  loop-bearing  genera 
•resent  nostologic  features  of  importance  in  a  natural  classifi- 
atioD.  These  consist  mainly  in  their  small  size;  the  absence 
f  surface  ornaments;  the  obsolescence  of  deltidial  plates,  and 
he  loss  of  a  complete  loop  supporting  the  arms.  In  the 
i'erebratuIidsB,  Kraussina  and  Platydia  may  be  mentioned  as 
lelonging  to  geratologous  types  with  a  nostologic  tendency, 
likewise,  in  other  groups,  Atretia  in  the  lihynchonellidse,  and 
Itrophalosia  and  Aulosteges  in  the  Productidae,  are  examples 
f  nostologic  types. 

Cistella  and  Gwynia  among  the  genera  of  bracliiopods, 
berefore,  bear  the  same  relation  to  the  terebratuloids  that 
tacalites  among  the  cephalopods  bears  to  the  ammonoids. 

Synopsis, 

IVotembrt/o. — Ovum  and  segmented  stages  before  formation  of 
iastula  cavity. 

Mtsenibryo. — Blastosphere. 
Metembryo. — Gastrula. 

Neoembryo. — Trochosphere   and    cophalula,    with    posteriorly 
irected  mantle  lobes,  and  bundles  of  setiu  Ironi  body  segment. 
Typembryo.—lt&TvsL  with  mantle  lobes  folded  anteriorly  over 
ead  segment. 

Phylembryo, — Brachiopod  covered  by  protcgulum,  tentacles  of 
nns  developed,  bandies  of  setie  dehisced,  definition  of  stomach 
od  oesophagus,  direct  transformation  of  larval  muscles  into 
KMe  correspooding  to  muscles  of  adult  animal. 
IkUidium, — A  single  plate  developed  at  an  early  period  by 
«  bod V  and  pedicle  of  animal  posterior  to  dorsal  hinge,  and 
ter  ankylosed  to  ventral  valve. 
Ikliidial  plates. — A  nealogic  and  adult  feature  produced  by 

9  eztensionfl  of  the  vehtral  mantle  lobe  into  the  delthvrium. 
Braehiopoda. — RetrDgressive  in  loss  of  anal  opening  and  eyes, 
ignssive  in  concentrfton  of  posterior  elements,  expansion  of 
tirfor  elements,  and  limtation  of  pedicle  opening  to  one  valve. 
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Nepionic  period, — Young  shells  before  the  appearance  of  dii- 
tinetive  specific  characters. 

Nealogic  period. — Progressive  development  of  the  specific  fea- 
tures which  reach  their  complete  growth  in  the  adult. 

Epheholic  period. — Normal  adult  condition. 

Geratologic  period. — Special  manifestations  of  old  age  in  ontog- 
eny and  in  phylogeny. 

No8tologic  types. — Extremes  of  geratology  i*epresented  by  Cis- 
tella,  Gwynia,  and  Atretia. 

Yale  Museum,  New  Haven,  Conn.,  May  31,  1892. 
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EXPLANATION  OF  PLATE. 

Ghttidia  albida  Hinds. 

FlerRB  1. — Ncpionic  ebell:  Obolella  stage.      x36. 

P16CRE  2. — Nealogic  stage;    showing  anterior  growth  producing  Lingula-Hke 

form.      X  1 6. 
Figure  h  — Kphebolic  stage,     x  J. 

OrhicuJoidea  minuta  Hall. 

FioiBE  4. — Nepionic  shell ;  I'aterina  stage,     x  3rt. 

Figure  5. — Nealogic  stage ;  first  holoperipheral  growth,    x  16. 

Figure  0. — Ephebolic  stage,     x  1 0. 

Lepiana  rhomhoidalis  Wilck. 

FiGURK  7. — Nepionic  stages,  with  short  hin>i:e.      x  .S6. 
FiGHRE  8. — Early  nealogic  stage,  with  radiating  strite.      x  10. 
Figure  9.—  Ephebolic  stage,     x  f . 

Terehratulina  s^pUntn'onalis  Couth. 

?'iGURE  10. — Nepionic  stage,  with  open  delihyrium.      x  26. 

?IGURE  II. —  Early  nealogic  stage,  with  radiating  striae,      x  16.     (After  Morse.) 

Figure  12.— Ephebolic  stage.     x|.    (After  Davidson.) 


^RT.   XX. — On    some  Double    Ilalides  of   Silver  and  the 
Mkali-metaU ;   by  H.   L.  Wells   and   H    L.  Wheeler. 
Witii  their  Crystallography ;  by  S.  L.  Penfield. 

During  a  systematic  search  for  well  crystallized  salts  of  the 
type  M'Hl .  AgHl,*  which  we  were  anxious  to  obtain  on 
icxiount  of  their  probable  isomorphism  with  the  alkaline 
trihalides,  three  well  defined  compounds  of  another  type, 
2M'H1 .  AgHl,  were  obtained.  Our  experience  indicates  that 
these  2 : 1  salts  are  more  easily  prepared  and  crystallize  better 
tlan  the  1  :  1  compounds. 

The  bodies  to  be  described  are  2CsCl .  AgCl,  2RbI .  Agl  and 
2KI.AgI.  Two  of  these  are  believed  to  be  new  salts;  the 
other,  2Kl .  Agl  has  been  described  by  Boullay.f  We  have 
"iot  obtained  a  complete  series  of  these  compounds,  for  good 
petals  could  not  be  made  of  the  other  members,  and,  under 
tie  circumstances,  no  products  were  analyzed  except  such  as 
^Id  be  measured. 

The  compounds  are  interesting  from  the  fact  that  they  do 
Jot  conform  to  Hemsen's  law  concerning  the  composition  of 
bnble  halides,:]:  for,  contrary  to  this,  they  contain  a  number  of 
Ikali-metal  atoms  which  is  greater  than  the  number  of  halogen 
loins  belonging  to  the  silver.     In  his  latest  contribution  to  the 

*11ite/<mnul,  III,  xliii,  HO  and  485.        f  -A.nn.  Chim.  Phys.,  II.  xziv.  377. 

%  Am.  Chem.  Jour,  xi,  291. 
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tabjeet,*  Bemeen  states  that  the  exceptions  to  his  law  are  "not 
more  thui  three  or  fourojtof  over  fourhnudred."  The  work 
here  described  confirmB  the  reenlt  of  Boallay,  adds  two  more 
exoeptione  to  the  Uw  and  points  to  the  existence  of  a  greater 
munoer  of  oompoands  of  the  same  type.  It  ma;  be  men- 
tioned thit  a  ooDsiderable  number  of  other  exceptioQB  to  thie 
law  Ittve  reoetitly  been  establUhed  in  this  laboratory  and  will 
won  be  deieribed. 

PiyparaHon  and  jtroperiiet. — The  aalta  are  made  by  eatn- 
rating  a  verj  concentrated,  hot  solution  of  an  alkaline  halide 
with  the  eorrespondinfi;  silver  lialide,  filtering,  cooling  to  cni- 
tallintioQ  and,  if  necesaary,  evaporating  the  mother-IiqDOr  uc 
ordinal^  temperatnres.  If  the  aomtiona  are  too  dilate,  lo  eoina 
easei  at  least,  the  1 : 1  salts  are  formed.  The  compounds  have 
little  tendency  to  cryBtallize  well  and  many  trials  are  nsaally 
neoewaiy  in  order  to  obtain  satisfactory  products.  The  salts 
are  all  white.     They  are  readily  decompoeed  by  water. 

Mttkod  <^  analysis. — The  products  analyzed  were  in  tlie 
form  of  ei^tela  of  such  ^ze  that  it  was  certain  that  they  were 
not  mixed  with  other  sabstaneee.  In  preparing  them  for 
analyda  the  mother  liquor  was  removed  rapidly  and  conipietek 
by  preaiing  them  between  smooth  filter-papers  end  great  cire 
WM  taken  to  avoid  any  evaporation  of  the  liquid  wbicii  ad- 
hered to  them.  The  analyses  were  made  by  treating  tteiD 
with  a  saffioietit  amount  of  water  acidified  with  nitric  acid  and 
weighing  tlie  silver  halide  thus  separated.  The  filtrate  from 
this  was  used  for  determining  the  remaining  halogen  or  tlie 
alkali-metal. 


Calculated  tw 

FoauU. 

SCiCl.  Aga 

Ctesinm  . . . 

56-88 

Silver 

34-8S 

22-47 

Chlorine... 

J-J-18 
Calculated  for 

Found. 

SabLAgl, 

Rubidium 

20-03 

25-91 

Silver  .... 

17-32 

16-38 

Iodine.... 

57-63 

57-73 

99-90 

100-00 

Found. 

2KI .  Agl. 

PotaBsium  . 

13-79 

Silver 

I6T3 

19  04 

Iodine  
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OryBtaUography. — The  three  salts  are  iBomorphons  and  crys- 
lize  in  the  ortliorhonibic  eystem.  The  forms  which  were 
served  are : 

a,  100,  t-i  m,  110,  /  d,  101,  1-1 

b,  010,  i-(  n,  120,  i-!  z.  301,  3-i 

The  asial  ratios  and  some  of  the  prominent  angles  are  given 
the  following  tables,  the  fundamental  meagnrements  being 
irked  by  an  asterisk.  The  crystals  did  not  yield  very  accu- 
te  measDrenients. 


ICsCI.  AgCl 
2RbI  .  Agl 
!KI    .Agl 

0971   :    1  :  0-244 
0-977  ;   1  :   0-23G 
0-977  :    1  ;   0-234 

wa.AgCi 

m.m,  110^110 
88'  18' 
•us    40 
•88    40 

n^n.  120.^120 

64      12 

54     12 

□ly  approxi- 


2  CbCI  .  AeCI  was  made    in 

minnte   prisms,    less   than   a 

T—    ''     -r^     millimeter  in  diameter,  having 

'  the  habit  shown  in  fig.  1.    The 

'      measnrementB  arc  only  a] 

matcly  correct. 

Two  crops  of  2KbI .  Agl 
were  examined.  One  was  lite 
tig.  I  in  habit,  the  other  in 
plates,  fig.  2.  The  crystals 
were  nearly  lO""  in  length.  On 
this  salt  a  cleavage,  parallel  to 
a,  was  observed ;  also,  as  small 
icee,  the  forms  b  and  x,  which  are  not  shown  in  the  figures. 
D  convergent  polarized  light  an  obtuse  bisectrix  was  seen, 
lormal  to  a,  the  axial  plane  being  the  brachy-pinacoid, 
2KI .  Agl  was  made  in  prismatic  crystals,  over  lO""  in 
^^  and  having  the  habit  and  forms  shown  in  fig.  1. 
£btffl«ld  ScientiQc  School,  April,  1892. 


4bt.  XXI. — On  tJie  Cmsium  and  Rubidivm  Chl&r<uirates 
und  Bromaurates ;  by  H.  L.  Wells  and  H.  L.  Wheeler, 
y^Uh  their  Gryaiallography  ;  by  S.  L.  PENf  lELD. 

A  STUDY  of  the  compounds  to  be  described  was  undertaken 
I  the  hope  that  some  cryBtallographic  analogy  would  exist 
ttween  tuem  and  the  alkaline  poutabalides  described  in  a 
evioQS  article.*  Ko  such  analogy  has  been  found  in  spite  of 
"This  Journal,  iliv,  42. 
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thftlfmilai-itj  of  such  forinnlte  aa  (JsCl .  C!,I  and  CgCI.UI,Aa 
bntdnce  some  of  these  f^ld  salts  have  never  been  described  aiKJ 
U  they  show  eoiue  iuterestiiig  i-elalions  among  tbeiiuclvee,  ooi 
reanlta  are  deemed  worthy  or  publication.* 

Tfa.  Tioaenhlftdt.'f'  in  an  article  on  tlin  solnbility  of  the  chW 
raratM,  stateH  that  the  cieBJum  and  rnbidiutn  salts  lose  tlieir 
WttAr  of  crystal lizution  alrao^t  coinpletoly  when  dried  over 
mlphofic  acid.  Se  given  nu  sttitement  of  the  araonnt  of 
witer,  but  roferB  to  his  diiiserlation  of  IflT^  which  is  inaccee- 
nble  to  tii=.  lie  intentions,  however,  that  the  crystals  of  boti 
nltB  b'-l'^ii.'  I'l  ill''  iiioTioclinic  syi-tcm,  so  that  it  is  probable 
that  the  oontponadi  ba  obtsiiied  Ware  the  mm  that  we  liiTe 
foand  to  be  uibydroiu. 

The  osmpoonds  that  hare  bean  pnmaMd  are  CbAuOI, 
SObAqOI.  .  H,0,  OflAiiBr.  Bb A,aOI^  and  BbAnBr..  We  hn 
attemptea  in  eaoh  ease  to  obtain  bodiea  eoBtaining  more  ocwnin 
and  robidiam,  bnt  no  evidenoe  of  their  eziatoice  has  tweo 
fonnd. 

An  investigatiDD  of  the  ooneaponding  iodine  oompoandt 
waa  also  DodertakeD,  bnt,  on  aooonnt  of  toe  initabilitj  of  inHc 
iodide,  ve  did  not  obtain  any  pare  or  wellomtalliiad  prodneb. 

Preparation.' — The  salts  are  so  insolable  that  they  form 
.  preeipUates  when  moderately  oonoentrated  aolations  of  Uie 
component  salts  are  mixed,  and  the  prodnots  are  readily  reem- 
tallized  from  water  or  from  the  mother  liqaore.  It  ia  nsaill; 
immaterial  whether  the  solntions  are  neatral  or  acid  or  whether 
the  gold  or  alkaline  halide  is  in  excess,  but  the  salt  SGsAuCI,- 
H,0  requires  special  conditiona  for  its  preparation,  for  it  is 
apparently  formed  only  when  a  Urge  excess  of  gold  chloride 
is  present  and  when  the  solution  does  not  contain  much  fi^ 
acid.  We  have  used  four  atoms  of  gold  to  one  of  ctesiuin  in 
making  this  salt,  but  it  usually  requires  repeated  trials  urJcr 
these  conditions  before  it  is  obtained  free  from  the  anhydrous 
compOLiud.  The  two  salts  are  however  so  distinct  in  form  that 
there  is  no  difficulty  in  distingnisliing  them. 

FropeHUs:—Tii%  color  of  CsAuCI.  and  of  aCsAuCl. .  H,t> 
is  golden-yellow  ;  RbAuCl,  is  yellowish-red;  the  two  bromidts 
are  black,  but  give  a  dark  red  powder. 

All  the  salts  are  sparingly  soluble  in  water,  especially  wlien 
cold,  and  the  caesium  compounds  are  less  soluble  than  the 
rubidium.  All  of  them  are  only  slightly  soluble  in  alcohol 
and  insoluble  in  ether. 

•The  aaronnccmeut  by  Professor  Remseu  (Am.  Clitm.  Jour.,  liv.  89X  Lh«tlie 
and  Mr.  II.  C.  Joaes  proposed  10  examine  thv  gold-rubidiiitn  faalides,  was  not 
made  until  after  Die  work  described  in  thia  article  hud  been  completed. 

f  Bericiile,  lii,  ihib. 
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Methods  of  analysis : — The  crystals  were  prepared  for  analy- 
}y  qaickly  pressing  them  between  smooth  filter-papers  and 
lly  allowing  them  to  become  air-dry.  The  hydrous  csBsium 
)raurate,  however,  loses  its  water  and  becomes  opaque  on 
osure.  It  was  therefore  dried  as  rapidly  and  thoroughly 
ossible  on  paper  and  was  put  into  a  weighing-tube  as  soon 
ome  of  the  fragments  began  to  lose  their  transparency, 
rold  was  determined  by  precipitation- with  ammonium  oxa- 
or  with  sulphurous  acid.  The  filtrate  from  the  metallic 
1  was  used  either  to  determine  the  alkali-metal  as  normal 
)hate  or  the  halogen  by  the  usual  gravimetric  method, 
ter  was  determined  bv  the  method  used  in  the  combustion 
)rganic  compounds,  the  halogens  being  held  back  by  a  mix- 
3  of  lead  chromate  and  lead  oxide.  The  absence  of  water 
;he  anhydrous  compounds  was  established  by  the  use  of  the 
le  process. 


Analyses. 

Calculated 

Found. 

for  CsAuCli 

Cesium 

28-11 

28-16 

Gold 

41-61 

41-77 

Chlorine  ... 

29-91 

30-06 

99-63 

• 

Calculated 

Found. 

for  2CsAuOl4 .  HaO 

CaBsinm 

27-23 

•>««»                  «««*■ 

27-63 

Gold 

40-23 

•  ••MM                   ••■■•. 

40-99 

Chlorine.- - 

29-07 



29-50 

Water  .... 

2-32 

2-37*       2-20* 

1-87 

98-86 

Calculated 

Found. 

for  C8AuBr« 

Caesium... 

20-73 



20-45 

Gold 

30-32 

30-26 

30-34 

Bromine  . . 

49-31 

..- 

49-21 

100-36 

Calculated 

Found. 

for  RbAuCU 

Rubidium  . 



20-14 

Gold 

46-53 

46-46 

Chlorine 

32-98 

33-40 

*  From  a  separate  product. 

Well*,  Wheeler  and  P, 


Vnjstalhiffrs^y : — The  crystallization  of  CsAnOlj.OsAnBt, 
RbAuOl,  and  RbAuBr,  is  monocliiiic.  The  four  salts  fofin 
an  iHomorpboue  group  and  are  identical  in  crrstallinehibtt 
The  forms  wliich  have  been  obeerved  on  them  are: 


4n  rT^ 


Tlie  erystala  are  prismatic  and  are  usnally  terminated  bj  ^ 
fig.  1.  "When  other  faces  are  present  the?  are  always  small,  u 
represented  in  fig.  2.  The  pyramid  p,  which  is  not  shown  in 
the  figure,  freqnently  occurs  ae  a  smaU  face,  replacing  the  edge 
between  d  and  e.  Among  the  crystals  of  CsAuBr,  sevenl 
twins  were  observed,  having^.  111  as  the  twinning  plane,  fig.  : 
3,  while  fig.  4  represents  a  crystal  of  RbAuBr,  twinned  aboat  e, 
20l.  The  letters  belonging  to  the  parts  in  twin  position  »n 
underlined.  Both  kinds  of  twins  are  abnormally  developed  u 
represeiited  in  the  figures.  In  all  four  componnda  the  cleav- 
age is  perfect  parallel  to  the  base. 

The  rubidium  aalte,  being  the  most  soluble,  form  readily  in 
large  crystals,  several  centimeters  in  length.  The  chloride, 
especially,  yielded  magnificent  crystals,  which  frequently  were 
only  limited  in  length  by  the  size  of  the  vessel  and  volume  of 
the  solution  containing  them.  The  cseeinm  salts  are  lea 
soluble  and  were  made  in  small  prisms,  seldom  over  5™"  in 
length.  The  ciystals  were  frequently  hollow  or  cavemons  tt 
the  extremities,  this  was  especially  true  of  the  two  bromides. 
The  faces,  for  the  most  part,  gave  excellent  refiections  of  tlte 
signal  on  the  goniometer. 
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The  axial  ratios  are  as  follows : 

CrtAuCU 

a:6:<l=:M255:  1:0-7228 

3=71*  36' 
RbAuCU 
d'.h'.c  =1-1954:  1:0-7386 

3  =  75*"  32' 


CsAuBr, 

a:6:(!  =  11369:  1:  0-7411 
P  =  70"  24V 
RbAuBri 

d'.h   c:  =1-1951:1:0-7256 
P=W  63^ 


In  the  following  tables  the  angles  which  were  chosen  as 
mdamental  are  marked  by  an  asterisk. 


C8AuCl« 

CsAuBr, 

A 

ji 

r 

Measured. 

Calcalated. 

Measured.         Calculated. 

TOAm,   110a1I0  =  *93'  46' 

♦93"  53' 

m  A  c.   IIO^OOI  =    77     36 

77'  32' 

*76    46 

m^  d,   110>s021=    44       6 

44      7 

43    23,           43"  20' 

d^  p,  021^111  = 

32    23             32    40i 

d^  t,  021^201  =*75     17 

75    31             75    69 

m  A  e.  IIO  A  201  =  ♦OO     36 

♦60    41 

c  ^  (?,  001  A  501  =   64     20, 

64     18 

m  A  rn,  Reentrant  angle  of  twin, 

27     58             27  58 

RbAuCU 

RbAuBr4 

r 

MeaKttred. 

Calculated. 

Measured.         Calculated. 

m^in.  110a1I0  =  »98''    21' 

♦98"  40' 

TOa  c,    110  A  001  =*80     36 

♦81    30 

niA  rf,    110^021  = 

, 

44   57             45    U\ 

rf>s  p,    021-^111  = 

•31    26             31    35i 

d^  <f,    021  A -201  = 

72    28             72    26 

ffiA  e.    il0>.20l  =*62     12 

62      9             62    21i 

Ca  «.    001  .V  201=    60       4 

59"  59' 

d.d,    02l>s05l  =110     20 

110      4^ 

♦109   26 

m  A,  m.  Reentrant  angle  of  twin, 

55    42             55     17 

In  their  axial  ratios  the  two  caesium  salts  are  very  similar, 
8  are  also  the  two  rubidium  salts,  while  the  rubidium  com- 
ounds  differ  considerably  from  those  of  caesium,  especially  in 
he  relation  of  a  to  the  other  axes  and  in  the  angles  /9.  It  is 
herefore  evident  that  the  replacement  of  one  metal  by  another 
n  these  salts  has  a  considerable  influence  upon  their  form, 
irhereas,  as  we  have  shown,  such  a  replacement  in  the  caesium 
md  rubidium  trihalides  has  little  or  no  effect.  There  seems  to 
»  no  refi^larity  in  the  influence  of  the  replacement  of  chlorine 
1)7  bromine  in  these  gold  salts,  for  in  the  caesium  compounds 

be  chloride  has  a  slightly  shorter  axis  c  and  a  greater  angle  ^ 

lum   the   bromide,   while  in  the   rubidium  salts  exactly  the 

everse  is  true  in  both  cases.     This  unexpected  relation  between 

be  chlorides  and  bromides  has  been  confirmed  by  repeating 

lie  measurements,  especially  of  the  angle  mA<?,  using  both 

rystal  and  cleavage  faces.     It  is  certain  that  this  angle  is  about 

degree  greater  with  the  chloride  than  with  the  bromide  in 

Ax.  JoiTR.  Soi.— Thibd  Sbbies,  Vol.  XLIV,  No.  260.— August,  1892. 
11 


Wdh,    W/iecUr  and  I*enjif-I>i — Cash* 


,  fU: 


the  CGBsitim  ealts,  while  in  the  rubiiiium  coinpouud^  it  'w,  kbout 

a  degree  lesB. 

»■  The  crystallization  of  2CeAuCI. .  H.O  is  ortlio- 

rhombic.  This  salt  was  repeatedly  made  hntonlj 
one  crop  of  crjstale  was  obtained  which  wu 
snitable  for  meaBureinent.  These  were  tbiu 
plates,  havinii;  tlie  habit  shown  in  fig.  5.  Tiiei 
were  not  over  S"""  in  Icncth  and  were  oiiij'* 
fraction  of  a  millimeter  thick.  On  removal  from 
the  mother  Uqaor,  or  from  a  maiat  atmos|Jien^ 
the   trauepareiit  plates  rapidly  became   opaqw 

and  the  faoee  lost  their  luster  bo  that  only  approximate  meagiiK- 

metite  could  be  obtained. 
The  forme  which  were  observed  are : 


b,  SIO,  i-l  n,  ISO,  i'-. 

The  axial  ratio  ia  as  follows : 

The  following  measarementa  were  made, 

o.m,  100*  110  =  aboulS)' 
a~.  n,  100*130=     "      81' 


^ 


Under  the  polarizing  microBcbpe  the  crystals  ahow  ] 
extinction  and,  iu  convergent  light,  an  acute  bisectrix nonnaltd 
a,  100.     The  plane  of  the  optical  axes  is  the  base.     The  (iive^  I 
gence  of  the  axes  is  large,  the  hyperbolte  opening  oat  bejonJ  ' 
the  field  of  the  microscope.     The  axes  of  elasticity  are:  ' 


The  donble  refraction  is  therefore  positive. 

The  change  which  the  crystals  undergo  when  exposed  t*!  I 
dry  air  is  a  molecular  rearrangement,  accompanied  by  loss  of  j 
water  and,  probably  a  change  to  the  anhydrous  salt  wnicli  wb  I 
described  above.  This  rearrangemeut  is  a  beautifnl  sight  when  I 
studied  with  the  microscope  in  polarized  light.  The  change  I 
commences  a  few  minutes  after  the  crystals  are  removed  from  I 
the  mother  liquor,  and  in  less  than  ten  minutes  has  usiulljJ 
advanced  to  such  an  extent  that  the  crystals  are  no  longT^ 
trausparent.  The  crystals  at  lirst  show  a  uniform  action  0 
polarized  light,  then  from  different  parts  of  the  surface  t 
rearrangement,  which  is  marked  by  aggregate  polariM"' 
commences.  It  advances,  shooting  out  in  various  diree 
in  a  manner  resembling  the  growth  of  ammonium  chid 
crystals  under  the  microscope,  until  the  whole  field  is  con 
and  light  is  finally  no  longer  transmitted. 
SbeiSeld  Soientific  School,  April,  1692. 
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Ibt.  XXTI. — Preliminary  Note  of  a  New  Meteorite  from 
Kenton  County,  Kentucky ;  by  H.  L.  Prestok. 

[Rexd  before  the  Rochester  Academy  oE  ScieDce.  June  27th,  IR93.] 

On  May  15th,  Prof.  Henry  A.  Ward  received  a  letter  from 
It.  R.  H.  Fitzhugh,  Brysoii  ('ity,  N.  C,  telling  of  a  meteorite 
le  had  identified  in  Kenton  Oonnty,  Kentucky,  In  Prof. 
'Sard's  absence  Mr.  Frank  A.  Ward  sent  me  o£E  the  same 
light  to  look  op  the  meteorite.  I  arrived  at  Bracht  station  on 
he  Cincinnati  Southern  K.  K.,  Friday  morning  and  drove  as 
arae  tlie  roads  \rould  permit  toward  Mr.  Geo.  W.  Cornelius's 
arm.  He  being  away  from  home  his  wife  showed  me  the 
■  metal "  as  they  called  it.  It  proved  to  be  a  beautiful  meteorite 
f  the  Siderite  variety,  533x356x203  millimeters  (21x14x3 
aches)  in  its  greatest  diameters,  and  163'0665  kilograms  (359^ 
■onuds)  in  weight 


Keolon  Go.  Ueteorit«,  oDe-ieveoth  natural  size. 


In  form  in  oertaia  directions  it  very  mnch  resembles  a  nau- 
9di.  It  has  onmerons  but  mostly  shallow  pittings ;  a  few  deep 
ktinoa  occnr  however  on  the  side  shown  in  the  accompanying 
Bt  wbich  gives  a  good  idea  of  its  general  ontline.  This 
teteorite  is  entirely  free  from  crust. 
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I  saw  Mr.  Cornelius  on  the  evening  of  the  next  day  and 
obtained  from  him  the  following  facts  in  relation  to  the 
meteorite.  ^ 

About  the  middle  of  August,  1889,  while  cleaning  out  a 
spring  situated  at  the  head  of  a  gully  some  three-quarters  of  a 
mile  from  his  present  home  in  Kenton  County,  eight  miles 
south  of  Independence,  the  county  seat,  he  etrucK  with  his  hoe 
something  that  had  a  metallic  ring ;  obtaining  assistance  he  took 
the  mass  out,  iinding  that  it  was  interlocked  in  the  roots  of  an 
ash  tree  from  thirteen  to  fourteen  inches  in  diameter  and  was 
between  three  and  four  feet  below  the  normal  surface. 

He  let  the  mass  lie  by  the  spring  until  August,  1890,  when 
he  removed  it  to  his  woodshed  where  it  has  lam  until  purchased 
by  me  for  the  Ward  collection  of  meteorites.  It  is  now  at 
our  establishment  in  Rochester,  N.  Y. 

For  the  following  analysis  of  this  meteorite  I  am  indebted 
to  Mr.  John  M.  Davison,  of  the  Reynolds  Laboratory,  Univer- 
sity of  Rochester. 


Fe 91-59 

Ni 7-65 

Co 0-84 

Cu trace. 

C 0-12 

S trace. 

V trace. 

100-20 


111  tlie  course  of  a  conversation  with  Mr.  S.  J.  Cornelins,  a 
l>rotlicr  of  tlie  ireiitleiiien  of  wlioin  I  purcliased  the  meteorite, 
lie  mentioned  tlie  fact,  tliat  about  three  o'clock  on  the  seventh 
of  'luly,  IsTo,  wliile  returnini^  from  a  picnic  in  this  locality, 
and  when  within  half  a  mile  of  where  the  meteorite  was  sub- 
seijuentlv  ftamd,  lie  heard  a  i^reat  runibling  in  the  heavens, 
wliieli  app'^ared  to  hist  three  or  four  minutes  and  was  followed 
\)\  a  (iiiivcrini]:  (»f  the  earth.  As  the  dav  was  clear  he  could 
not  account  for  tliis  phenomenon.  I  met  at  least  seven  other 
j>ec4)le  who  distinctly  remembered  the  picnic  and  the  '*niinb- 
liiio;  ill  the  heavens/'  and  some  one  or  two  "the  cjuiver  of  the 
earth.'' 

Is  there  anv  connection  between  this  date  and  the  fall  of  the 
meteor? 


JurorTriaa  trap  of  the  New  Haven  Region. 


Art.   XXIII. — Additional   obaervations  on   the  JurOrTriaa 
trap  of  the  New  Haven  Region  /  by  James  D.  Dana. 

In  connection  with  my  description  of  the  south  front  of 
West  Rock,  the  annexed  figupe  of  the  eastern  part  of  the  ex- 
posed sandstone  with  a  portion  of  the  base  of  the  overlying 
(beet  of  trap  is  introduced,*  It  is  repeated  here  in  order  to 
mark  from  it  the  iocaiities  of  two  new  observations  of  interest 


_  f.  Tlie  exposure  of  sandstone  represented  in  the  'above 
Bgnre  owes  about  eight  feet  of  its  height  to  the  removal  of 
'verlying  trap  by  the  qiiarrymen.  The  trap  quarry  (see  Plate 
V 11  of  my  former  paper)  extends  from  the  point  E  eastward 
or  nearly  140  yards.  At  a  spot  alxtut  100  yards  east  of  this 
Kiint  and  16  feet  below  it  in  level,  tiie  removal  of  the  debris 
rom  the  floor  of  the  quarry  has  exposed  the  top  of  another 
edge  of  upturned  sandstone.  The  escape  of  the  trap  from 
he  dike,  therefore,  was  not  along  the  sloping  surface  of  the 
pper  layer  exposed  at  E,  but  along  another  about  one  hun- 
!red  yards  fartner  east. 

IL  Abont  00  feet  west  of  the  point  E  in  the  preceding 
gnre,  and  40  to  50  feet  above  the  quarry-road,  the  talus  with 
le  partly  concealed  sandstone  is  crossed  by  a  fiiK-inch  dike  of 
•ap.  It  was  first  observed  last  autumn  by  Professor  W.  O. 
'roaby.  It  looks  from  the  quarry-road  like  a  slight  break  in 
le  steep  surface.  (On  the  phototype,  Plate  VII,  referred  to 
jove,  it  18  very  faintly  indicated  across  the  bed  of  sandstone, 
iBt  one  inch  from  the  sandstone  point  E.) 

The  little  dike  is  a  branch  from  the  underside  of  the  main 
leet  of  trap.  It  makes  a  sinuous  line  of  outcrops  extending 
eeCward  along  the  talus  for  about  40  feet,  and  then  disappears 
ider  the  dehria  In  this  distance  the  dip  of  the  outcrop  is 
lOOt  18  feet ;  but  the  true  dip  of  the  sheet  is  northwestward 
loat  20°  to  25°,  as  nearly  as  could  be  ascertained.  Toward 
;  janction  with  the  main  mass  of  the  West  Rock  trap,  it  is 
laced,  for  uearly  a  yard  of  its  length,  to  two  strands  hardly 
*Tbi8  Joumsl,  ilii,  1U2.  1891. 
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ui  indi  thidc  by  an  intervening  mass  of  sandstone ;  but  thif  ii 
only  an  irrwnUrity  of  outflow  dne  to  the  way  the  Bikndstone 
haa  of  bieakillg,  tike  that  in  the  Mill  liock  dike  deecribed  uid 
flgnred  on  paee  SS  of  the  paper  ahove  mentioned. 
This  branoa  dike  has  eeveral  points  of  interest. 

1.  It  afforde   new   proof  that  the  West  Rock  onttlow  took 

{>lace  tinder  a  heavy  cover  of  sandstone  and  therefore  "ku 
acoolithio.  This  conclusion  was  euetained,  in  my  former  paper 
(p.  108),  on  the  ground  (1)  that  the  outflow  continned  to  bean 
aBcending  one  for  the  500  yards  of  its  westward  flow — whidi 
oonld  not  hare  been  true  unless  it  were  under  a  resisting  cover; 
and  (3)  the  onttlow  retains  a  thickness  of  250  feet  qaite  toib 
extreme  western  limit,  which  it  could  not  have  done  if  it  bad 
been  a  snboeriat,  or,  using  a  much  needed  new  word,  a  «Mr- 
Jteial,  flow  * 

Bnt  (8)  under  laocolithie  conditions,  the  opening  of  a  tissnie 
ID  the  underlying  sandstone  for  a  discharge  from  the  lower 
part  of  the  mwf-^  of  trap  or  else  from  the  dike,  would  he » 
natural  result  The  liquid  trap  that  was  being  forced  up  wA 
onward  under  t!io  repressing  sandstone  formation,  might  readilf 
hare  made  the  fracture,  especially  when,  after  the  lava  bu 
attained  nearly  its  full  thicKness,  a  new  start  in  its  movement 
was  given.  Had  it  been  a  surflcial  stream  it  would  have  bid 
no  frtctnring  power. 

2.  Other  points  of  interest  in  the  dike  are  connected  witb 
its  oonBtitution.  (1)  While  the  rock  of  West  Rock  is  a  com- 
pact, rather  coarsely  crystalline  doleryte,  and  has  a  light  blue- 
gray  color  owing  to  the  abundance  of  labradorite  with  tbe 
pyroxene,  and  is  darker  and  tiner  bnt  still  gray  at  its  junctioa 
with  the  sandstone,  the  trap  of  the  dike  is  black,  without  1m- 
ter,  and  aphanitic.  Moreover,  (2)  it  is  amygdaloidal  or  vesicu- 
lar; some  of  thi;  cavities  are  over  an  inch  in  diameter  and 
contain  a  lining  of  quartz  crystals  with  a  Ailing  often  of 
laumontite,  white  others  are  minute  and  tilled  with  qaarti 
The  rock  is  besides  irregularly  jointed,  and  much  rifted  and 
deeply  altered  along  the  rifts  by  weathering. 

Examined  microscopiealiy  in  thin  slices,  the  rock  is  foDud 
to  have  other  peculiarities.  (-3)  Magnetite  is  unusually  abiindr, 
ant  in  very  minute  grains,  much  more  so  than  in  the  trap 
West  Rock,  (i)  The  labi-adorite  of  the  rock  is  in  crystais 
the  usual  form,  but  they  are  extremely  small,  (5)  The  guj] 
pyroxenic  material  about  the  labradorite  is  also  in  minnt" 
grains  and  seldom  shows  color  in  polarized  light.  Further,  ((. 
yreeniek  olivine  is  predent  in  crystals  and  gronps  of  crystals-- 
a  mineral  not  yet  observed  in  the  Weft  R"ck  lrnp.+ 

"  The  word  sKjw-F/ci'f/ ifl  too  van"       :    ■!-   -  j/iiii:  .I'l"!!"   f-r  lijvjii'-;     S 
fieial  LH  like  surface  in  hflving  its  preHi  the  French  abbreviation  nir  in  placer'  — 
\  A  full  potroli^ical  description  of  the  rock  will  bg  published  laUr  b; 
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From  the  facte  we  are  safe  in  conclnding  that  the  liquid 
Dck  of  the  little  fissure  had  at  its  outflow  the  maximum  tern- 
eratnre  of  the  main  mass ;  for  it  was  from  its  lower  portion. 
Evidence  of  high  heat  is  indicated  by  the  presence  of  olivine, 
i^or  in  the  experiments  of  Fouqu6  and  Michel  L^vy,  basalt 
>D  cooling  after  being  for  48  hours  at  white-red  fusion,  "  a 
emperature  above  the  melting  point  of  pyroxene  and  labra- 
lorite,"  afforded  "  crystals  of  olivine  in  a  brownish  vitreous 
aagma  ;^'  but  on  cooling  from  cherry-red  fusion  sustained  for 
:8  hours,  afforded  numerous  microlites  of  labradorite  and 
Mte  with  magnetite.* 

The  olivine  of  the  dike  was  made  at  the  expense  evidently 
if  the  pyroxene  ;  and  as  ordinary  olivine  contains  8  to  10  per 
ent  of  iron  protoxide  and  41*5  of  silica,  and  the  pyroxene  of 
V^est  Rock  trap,  according  to  the  analysis  of  Hawes,t  15*3  per 
ent  of  the  former  to  50*7  of  the  latter,  some  iron  protoxide 
lay  have  been  set  free  in  the  process  to  add  to  the  magnetite, 
esides  silica  to  form  the  quartz-crystals  and  silicates  in  cavi- 
es  or  fissures. 

The  aphanitic  texture  of  the  trap  indicates  rapid  cooling, 
ad  its  vesicular  character,  cooling  where  there  was  mucn 
loisture.  The  temperature  of  the  liquid  trap  was  evidently 
X)  high  to  make  chlorite  from  the  constituents  of  the  pyrox- 
ne.  Moreover,  the  feldspar  is  not  much  altered  notwithstand- 
ig  the  moisture  at  hand. 

This  dike,  from  the  underside  of  the  West  Kock  trap-mass, 
oggests  an  hypothesis  with  regard  to  the  origin  of  tne  low 
od  narrow  belt  of  amygdaloidal  trap  that  runs  parallel  with 
he  high  and  wide  belt  of  compact  and  nearly  annydrous  trap 
f  the  Mt.  Tom  Bidge,  from  western  Meriden  northward, 
eeping  in  close  parallelism  with  it  and  bending  with  it  east- 
rard  at  its  southern  extremity  in  the  Meriden  region.  On 
^ercival's  map,  Plate  XVI  in  vol.  xlii,  of  this  Journal,  the 
elt  is  that  of  the  series  of  narrow  dikes  lettered  A 1,  situated 
ast  west  of  the  areas  8,  4,  5,  6,  7,  8,  9,  which  mark  the  main 
rap  range.  It  follows  the  curves  and  variations  in  height  of 
lie  main  ran^e. 

The  hypotnesis  of  Prof.  Wm.  M.  Davis  supposes  that  this 
)w  amygdaloidal  belt  is  the  outcrop  of  an  inferior  sheet  of 

'Synth^e  des  Min^raux  et  dea  Roches,  1882,  p.  62. 

f  lliis  Jounial,  ill,  ix,  187.  G.  W.  Hawes  obtained  for  the  compoRition  of  the 
tp  (doleryte)  of  West  Rock  (mean  of  two  analysen):  Silica  51*78,  alumina 
1*20,  iron  protoxide  8-25,  iron  sesquioxide  3-59,  manganese  protoxide  0*44, 
ignesifl  7'63,  lime  1070,  soda  2*14,  potash  0*39,  phosphoric  acid  0'14,  ignition 
13=99*89;  and  for  that  of  its  pyroxene:  Silica  50*71,  alumina  3*55,  iron  pro- 
lide  15*30.  manganese  protoxide  0*81,  magnesia  13  63,  lime  13*35,  ignition  1*17, 
(kaliefl  and  loss,  148]  =  100. 
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trap,  parallel  with  that  of  the  Mt.  Tom  Bidge ;  and  that  the 
two  were  raised  together  from  their  original  horizontality 
along  with  the  sandstone  formation  in  which  they  were  inter- 
calated, into  ta  monodinal  of  20°  to  25°,  The  apparent 
satisfactoriness  of  this  explanation  is  the  strongest  point  in 
Mr.  Davis's  hypothesis. 

The  parallel  courses  of  the  two  unlike  belts  has  always 
seemed  to  me  difficult  to  understand.  But  supposing  the 
Mt.  Tom  ridge  to  be  of  laccolithic  origin,  like  West  Rock,  the 
view  I  still  believe  to  be  most  probable  for  reasons  I  have 
stated,  the  new  facts  from  West  Kock  suggest  an  explanation : 
that  this  subordinate  amygdaloidal  belt  of  trap  was  produced 
by  a  lateral  discharge  from  the  dike  of  the  laccolithic 
Mt  Tom  belt,  when  the  laccolithic  discharge  was  nearing  com- 
pletion. This  would  account  for  the  close  relation  of  the  two 
in  position.  Moreover  the  trap  of  such  a  dike  would  be  sure 
to  be  amygdaloidal ;  for  the  north  and  south  line  of  dikes  of 
the  Mt.  'l\)m  Ridge,  situated  along  the  western  side  of  the 
Connecticut  valley  trough,  would  have  been,  from  the  com- 
mencement of  the  outflow,  a  barrier  to  the  eastward  or  south- 
eastward flow  of  subterranean  waters  descending  from  the 
north  and  west,  so  that  the  accumulated  subterranean  stream 
would  have  been  large.  To  the  eastward,  the  subterranean 
waters  of  the  valley  would  have  been  divided  up  by  the 
parallel  trap  dikes,  for  the  hydration  and  vesiculation  of  other 
such  branch  dikes. 

The  value  of  the  two  hypotheses  as  to  the  origin  of  the 
trap  belts — the  dike  or  intrusive  and  the  monocline — can  be 
tCvSted  ill  two  ways.  One  I  have  already  referred  to:  the 
removal  of  the  trap  debris  making  the  long  east-and-west  tains 
of  the  Mt.  Tom  ridge,  near  Meriden,  exposing  the  sandstone, 
as  done  for  the  east-and-west  talus  along  the  similar  sontli 
front  of  AVest  Kock  near  Xew  Haven.  The  sandstone  may 
be,  as  it  is  at  New  Haven,  upturned  beneath  the  trap-mass, 
without  conforinahility  between  the  two  rocks.  If  this  were 
found  to  be  the  case,  there  would  be  no  further  ground  for 
donl)t  as  to  the  upturning  before  the  outflow. 

The  other  method  is  by  boring.       A   boring  carriotl  down 
through  the  sandstone  at  points  a  short  distance  to  the  west  of 
the    ]ilt.    Tom    ridge   would    pass   tlirough,    if    the    monocline 
hypothesis  is  tlii^  true  one,  at  no  great  depth — ])robably  within 
lOOo  to  200<>  feet  of  the  surface — a  layer  of  compact  trap  -•'0 
to  o<K)   feet  thick,  and  then,  after  a  little  more  sandstone,  a 
lavcr  of  amvirdaloidal    trai)  ;  and  not  so,   if  the  dike  theorv  is 
correct.     This  test,  ivpcatcd  in  other  parts  uf  the  Connecticut 
valley   in   (\.)n]iecticut  and    Massachusetts,  would  irive  cuiicla- 
sive  facts. 
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The  conformability  of  beds  in  monoelines  is  usually  proved 
)  be  a  fact  by  the  study  of  transverse  sections.  But  in  the 
ise  of  the  trap  and  sandstone  of  the  Jura-Trias  area  of 
last^rn  America,  no  transverse  section  exhibiting  such  con- 
3rmability  between  the  trap  and  sandstone  has  yet  been  made 
nown  by  any  observer, 

III.  An  emergence  of  the  sandstone  placing  it  more  or  less 
bove  the  sea-level  is  necessary  to  render  the  method  of 
ydration  above  appealed  to  possible.  There  is  other  evidence 
f  such  emergence. 

The  existence  of  dikes  of  amygdaloidal  trap  in  East  Haven,, 
ad  of  others  of  compact  anhydrous  trap  in  New  Haven  local- 
les,  two  to  five  miles  apart,  is  evidence,  as  explained  in  my 
leology,  of  the  hvdration  of  the  liouid  rock  m  the  former 
egion  while  on  the  way  to  the  surface ;  for  the  lava  at  its 
ource  must  have  been  all  alike.  This  must  have  taken  place 
nring  its  ascent  through  the  sandstone ;  for,  as  shown  by  E.  S. 
)ana,  the  trap  of  the  related  dikes  that  intersect  the  meta- 
jorphic  rocks  is  unusually  anhydrous.  The  New  Haven  dikes 
re  situated  along  the  western  slope  of  the  Connecticut  valley 
rough,  and  those  of  East  Haven  toward  or  at  its  center, 
^here  the  subterranean  waters  would  have  flowed.  Hence  the 
lifference.  But  if  the  sandstone  were  wholly  under  the  sea- 
evel,  the  amount  of  subterranean  water  could  not  have  thus 
liflEered,  in  the  two  regions  ;  and  consequently,  there  was  some 
imergence. 

If  the  sandstone  formation  was  thus  early  emerged  another 
lonclusion  follows.  The  trap  of  the  Lake  Saltonstall  and 
Bartford  Range  (its  more  southern  part  marked  EI,  EII,  EIII 
)n  Percival's  map) — which  I  have  shown  to  have  originated, 
in  all  probability  from  fissure-ejections  subsequently  to  the 
aptarning  of  the  sandstone — would  have  made,  as  I  long  since 
explained,  a  barrier  to  the  Connecticut  River  waters,  that 
would  have  cut  oflE  their  flow  southward  and  determined  sooner 
or  later  their  discharge  by  the  present  Middletown  Say  brook 
outlet.  (See  Percival's  map.)  These  facts  therefore  bear  on 
Prof.  Davis's  hypothesis,  and  on  his  deductions  from  it  as  to 
denudation  over  the  region  of  the  Connecticut  valley. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Miscellaneous  Scientific  Intelligence. 

1.  Natural  Science:  A  monthly  review  of  Scientific  Progm 
Each   no.  80  pp.   8vo.    (Macmillan   &    Co.,   London   and    Ne 
York;  14s.,  post  free.) — The  first  number  of  this  new  month 
appeared  on  the  1st  of  March.     The  four  numbers  thus  farissxK 
show  that  it  is  to  be  a  Journal  of  great  value  to  all  interested 
the  progress  of  natural  science.      Its  contributors  are  men 
high  scientific  standing.     The  June  number  contains  papers  1 
P.  L.  Sclater  on  the   Antelopes  of  Somali-Land,  with  figure 
R.  Lvdekker  on  Recent  Researches  in  Fossil  Birds ;  A.  Yaughi 
Jennmgs,  on  the  Cave  Men  of  Mentone,  giving  the  results 
recent  researches  and  a  plate ;  G.  H.  Carpenter,  Facts  and  theori 
in  the  development  of  Insects ;  and  others  by  Prof.  Teall,  Pn 
C.  Loyd  Morgan,  besides  various  shorter  notices  of  recent  d 
coveries. 

2.  Catalogue  of  Scientific  Papers  (1874-1883). — Complet 
by  the  Royal  Society  of  London,  vol.  ix,  1016  pp.  London,  18( 
— This  large  volume  is  the  first  of  the  three  which  will  form  t 
third  series  of  the  Royal  Society's  Catalogue  of  Scientific  Pape 
embracing  titles  of  papers  published  or  read  during  the  deea( 
1874-1883.  The  titles  are  arranged  under  the  names  of  t 
authors  and  are  given  with  great  thoroughness  and  accnrac 
this  first  volume  contains  the  names  from  Aoadie  to  Gissler.  T 
work,  like  its  ))redecessors,  is  invaluable  to  all  concerned  wi 
tlie  lileralure  of  science. 

3.  J^periments  with  alternate  currents  of  high  potential  ai 
high  frequency^  by  Nikola  Tesla,  A  Lecture  delivered  befo 
the  Institution  of  Electrical  Engineers,  London.  With  a  ])( 
trait  and  biographical  sketch  of  the  author.  146  pp.  l'2ni 
New  York,  1892  (The  W.  J.  Johnston  Company).— Mr.  Tesli 
lectures  delivered,  in  February  last,  before  the  Institution 
Electrical  Eno^ineers  in  London  have  been  re])ublishcd  in  bo( 
form  from  the  pages  of  the  Electrical  World.  The  autlioi 
name  is  already  identified  with  some  very  important  advances 
connection  witli  dynamos  cfivinix  alternatincc  currents.  The 
lectures  give  the  results  of  his  experiments  with  very  rapui 
alternating  currents  of  high  potential,  obtained  from  an  inductit 
<*oil  operated  eithei  by  the  extremely  ra])id  oscillations  of  a  d 
ruptive  discharge  frotn  a  condenser,  or,  in  other  cases,  by  a  ?| 
ciallv  constructed  alternator,  <rivin<x  manv  thousand  revcrsj 
per  second.  The  luminous  j)henomena  obtained  are  not  on 
novel  and  higldy  interesting,  but  very  suggestive  as  to  a  possil 
more  efiicient  means  of  illumination  than  that  now  in  use.  T 
volume  is  well  illustrated  and  serves  to  brine  the  substance 
tliese  remarkable  lectures  before  a  much  larger  audience  tl 
that  which  had  the  privilege  of  hearing  them  delivered. 


APPENDIX. 


Art.  XXIV.  —  Notes  on  Meaozoic    Vertebrate  Fossils  j    by 
O.  C.  Marsh.     (With  Plates  II- V.) 

The  extensive  collections  of  vertebrate  fossils  from  the 
Laramie  now  under  investigation  bv  the  writer  contain,  besides 
those  already  described,  many  specimens  of  much  interest,  and 
same  of  these  are  briefly  noticed  and  figured  in  the  present 
article.  The  Dinosauria  of  this  formation  are  of  special 
importance,  particularly  in  their  relations  to  allied  forms  in 
the  Jurassic^  and  hence  some  of  the  latter,  also,  are  figured  for 
eomparison. 

Claosaurus,  Marsh,  1890. 

Next  in  importance  to  the  Ceratopsidm  of  the  Laramie  are 
the  Dinosaurs  allied  to  Hadrosaurus^  and,  as  but  little  is 
really  known  of  the  skeleton  in  this  group,  some  of  the 
important  parts  are  here  described,  and  figured  in  Plates  II 
ana  III.  These  are  mainly  from  a  single  specimen  which  is 
in  remarkable  preservation  ;  but  the  remains  of  a  second  indi- 
Wdnal,  likewise  in  good  condition,  and  in  some  respects  more 
perfect,  have  also  been  used  in  the  investigation.  The  species 
18  Claosaurus  annectensj  already  briefly  described  by  the 
writer.* 

The  skull  will  be  described  in  a  later  communication.     The 

nnmber  of  vertebrse  between  the  skull  and  saciaim  is  thirty, 

and  all  were  found  in  position.     There  are  nine  vertebrae  in 

the  sacrum,  thoroughly  coussified  with  each  other.    The  anterior 

forty-five  vertebrse  of  the  tail  were  found  in  position,  and  in 

good  preservation. 

*  This  Journal,  vol.  xliii,  p.  453.  May,  1892. 
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The  fore  limbs  are  imuBaally  Bmall  in  coDiparison  with  the 
posterior,  and  the  relative  size  of  the  two  is  shown  on  PUtell. 
The  scftpular  arch  preeents  many  points  of  interest.  Th« 
acapnia  la  laree,  and  so  much  curved  that  the  axis  of  ite  shaft 
IB  nearly  parallel  to  the  articular  faces  of  its  lower  extreinilj, 
(Plate  il,  tignre  1,  a).  On  the  anterior  margin,  above  tae 
articulation  for  the  coracoid,  is  a  strong  protuberance,  wiib 
a  well-defined  facet,  adapted  to  the  support  of  the  clavicle,  if 
such  a  bona  wore  present.  The  comcoid  is  very  small,  and  is 
perforated  by  a  largo  foramen  (Plato  II,  tigure  1,  i-).  The 
two  pecnliar  bones  now  generally  regarded  as  belonging  to  the 
Hternum  were  separate,  as  shown  in  Plate  III,  figure  1. 

The  Iiunicnis  is  comparatively  short,  and  has  a  proininent 
riidiul  crest.  The  radius  and  nlna  are  much  elongated,  the 
latter  being  longer  than  the  hnmerns,  and  the  radius  about  the 
same  length.  The  ulna  has  a  prominent  olecranon  proctss, 
and  is  a  stouter  bone  than  the  radius.  The  carpal  bones  we« 
miito  short,  and  appear  to  have  been  only  imperfectly  ossified. 
The  fore  foot,  or  mauns,  was  very  long,  and  continued  three 
fnnctional  digits  only.  The  first  digit  was  rudimentary,  the 
Bccond  and  third  were  nearly  eijual  m  length,  the  fonrtli  was 
shorter  and  less  developed,  and  the  fifth  entirely  wanting.^ 
shown  in  Plate  II,  figure  I. 

In  the  functional  digits  {II,  III,  IV>,  the  phalanges  are 
elonjrate,  thus  materially  lengthening  the  fore  foot.  Theter- 
minut  phalanges  of  these  digite  are  broad  and  flat,  shoiring 
that  they  were  covered  with  hoofs,  and  not  with  claws.  The 
limb  as  a  whole  was  thus  adapted  to  locomotion  or  suppori. 
and  not  at  all  for  prehension,  although  this  might  have  been 
expected  from  its  small  size  and  position. 

The  elongation  of  the  fore-arm  and  manns  is  a  peculiar 
feature,  especially  when  taken  in  connection  with  the  nngnlate 
phaluni^s.  It  may,  perhaps,  be  explained  by  supposing  thit 
the  animal  gradually  ossnined  a  more  erect  position  until  it 
became  essentially  a  biped,  while  the  fore  limbs  retained  ins 
measure  their  primitive  function,  and  did  not  become  prehen- 
sile, which  was  the  case  in  some  allied  forms. 

The  pelvis  is  shown  in  Plate  II,  figures  2  and  3,  and  has 
already  been  descrilied  by  the  writer.  Its  most  notable  features 
are  seen  in  the  pubis  and  ischium,  the  former  having  a  very 
lanre  e.\)>andcd  prepubis,  with  the  postpnbis  rudimentarj, 
while  the  shaft  of  the  ischium  is  greatly  elongated. 

The  femur  is  long,  and  the  shaft  nearly  straight.  The  gre»' 
trochanter  is  well  developed,  while  the  tfeird  trochanter  is  Targe 
and  iioar  the  middle  of  the  shaft,  as  shown  in  Plate  II,  figui« 
-1.  The  external  condyle  of  the  distal  end  is  projected  weU 
Iwokward,  indiciiting  great  freedom  of  motion  at  the  knee. 
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The  tibia  is  shorter  than  the  femur,  and  has  a  prominent 
Demial  crest.  The  distal  end  is  much  flattened,  and  the 
Btragalus  is  closely  adapted  to  it.  The  flbnla  is  very  straight, 
rith  its  lower  end  flattened  and  closely  applied  to  the  front  of 
lie  tibia.  The  calcaneum  is  large,  with  its  concave  upper  sur- 
ice  closely  fitted  to  the  end  of  the  fibula.  Of  the  second  row 
f  tarsals,  only  a  single  one  appears  to  be  ossified,  and  that  is 
ery  small  and  thin,  and  placed  between  the  calcaneum  and 
lie  fourth  metatarsal,  nearly  or  quite  out  of  sight. 

The  hind  foot,  or  pes,  had  but  three  digits,  the  second,  third, 
ud  fourth,  all  well  developed  and  massive.  The  terminal 
halanges  were  covered  with  broad  hoofs.  The  first  and  fifth 
igits  were  entirely  wanting. 

A  comparison  of  the  limbs  and  feet  of  Claosaurus,  as  here 
escribed  and  figured,  with  those  of  three  allied  forms  from 
he  Jurassic,  Stegosaurus,  Laosaurus^  and  Camptosaurus,  as 
hown  on  Plates  IV  and  V,  is  especially  instructive.  These 
hree  genera  have  already  been  quite  fully  described  and 
igui*ed  by  the  writer,  but  new  points  of  interest  have  been 
nade  out  by  the  recent  investigation  of  more  perfect  material. 
The  present  figures  will  show  more  accurately  some  of  the 
tnutual  relations  of  these  early  herbivorous  Dinosaurs  to  each 
other,  as  well  as  to  their  successors  in  Cretaceous  time.  The 
gradual  changes  that  can  be  traced  from  one  to  the  other  will 
be  discussed  m  a  later  communication. 


PalceoscincuSy  Leidy,  1856. 

A  new  reptilian  genus  and  species,  Palwoscinctfs  costatns, 
was  proposed  by  Dr.  Leidy  in  1856  for  a  single  tooth  found  by 
Dr.  Hayden  in  the  Judith  Basin.  This  tooth  was  more  fully 
described  and  figured  by  Leidy  in  1859.*  The  specimen 
showed  well-marked  characters,  and  many  similar  teeth  have 
since  been  found,  both  in  the  Judith  Basin  and  in  various 
other  localities  of  the  Laramie. 

A  smaller  species,  apparently  of  the  same  genus,  is  not 
uncommon  in  the  Ceratops  beds  of  Wyoming,  and  a  character- 
istic tooth  is  shown  on  Plate  III,  figure  3.  This  may  be  taken 
as  the  type  specimen,  and  the  species  it  represents  may  be 
called  Palceosciiicus  latus.  The  crown  of  tlie  tooth  in  this 
species  is  broader  and  the  apex  more  pointed  than  in  the  first 
species  described,  and  this  is  clearly  shown  in  comparing  the 
present  figures  on  Plate  III  with  those  given  by  Leidy. 

*Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  72,  1856;  and  Trans.  Amer.  Phil.  Soc., 
fU6,  pi.  iz,  figs.  49-52,  1859. 
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The  tooth  from  the  Laramie  described  bj  Cope  in  1882  w 
a  maminaliaii  premolar  and  as  the  type  of  the  generic  name 
Meniarotsstis  evidently  l>elongfi  to  the  above  or  an  allied  penos, 
and  nil  three  are  iin  question  ably  the  t«eth  of  Dlnosaiinan 
rfptilce  pertaining  to  the  ordwr  Sty-ynmuria.  On  Plate  !V> 
tigure  1,  a  very  small  but  typical  tooth  of  Sler/oaanru*  from 
the  Jnrassic  ia  repreaentod.  The  allied  genne  hiraf^odon,  ak 
Jurassic,  has  similar  teeth. 

Aubli/sodon,  Lcidy,  isay. 

In  the  same  publications  above  cited,  Ur.  Leidy  ulso  described 
and  figured,  uuder  the  name  Deinodon,  a  number  of  teeth 
wLich  be  regarded  as  i>ertaining  to  carnivorous  Dinosaurs,  bni 
later,  in  186S,  he  made  a  new  genns,  Aiibiyaodon,  for  some  of 
these  teeth  which  differed  materially  in  form  from  those  known 
to  belong  to  such  Dinosanrs.*  The  teeth  regarded  by  Leidy 
aa  characteristic  of  Auhli/aodon  are  represented  in  fi?Dre» 
35^5,  Plate  IX,  of  the  Transactions  above  quoted,  and  the 
befit  preserved  tooth  of  this  series,  which  Leidy  sospccted  te 
be  an  incisor,  is  shown  in  figures  -11-45.  The  latter  flgnreswc 
carefully  reproduced  on  Plato  III,  figure  4,  of  the  present 
article,  and  two  other  similar  teeth  are  represented  on  ibe 
same  plate.  They  all  have  the  same  characteristic  chisel- 
ahaped  crownF,  covered  with  a  thin  coal  of  enamel,  and  sho* 
indications  of  wear. 

The  teeth  referred  by  Leidy  to  the  genns  A'thlifsoihii  anrf 
many  others  of  the  same  general  character  since  discovered 
may  be  divided  into  the  four  following  gronps,  all  the  speci- 
mens of  which  appear  to  be  aomewhat  curved  either  to  the 
right  or  left : 

(1)  Large  teeth  (Leidy's  figures  37-46)  having  both  edeee 
crenulated,  and  the  posterior  ridge  between  them  broad.  Tl)e 
wear  of  the  apex  is  apparently  posterior, 

(2)  Somewhat  smaller  teeth,  out  still  large,  one  of  which  it 
represented  in  Plate  III,  figure  5.  Faint  crenulations  may  be 
detected  on  the  edges.  The  wear  of  the  apex  is  on  front  and 
back,  and  also  on  the  side,  probably  the  outside.  The  posterior 
central  ridge  is  narrow.  This  tooth  represents  a  distinct  species 
which  may  be  called  Avhlysodon  ampins. 

(3)  Smaller  teeth  with  no  crenulations,  and  the  posterior 
ridge  with  a  groove  (Leidy's  figures  41-45).  The  wearof  tbe 
apex  is  in  front.  These  may  be  regarded  as  typical  of 
Aublt/aodon  mirandva,  Leidy. 

(4)  The  most  abundant  teeth  are  much  smaller,  with  no 
crenulations,  and  the  posterior  ridge  sharp  and  not  g;rdoved- 

■  •Proc  Aoad.  Nat.  Sci.  PMUdelphia,  p.  19S,  ISSS. 
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The  wear  is  in  front  of  the  apex,  and  on  one  side,  sometimes 
3n  both  sides,  as  in  figure  6,  Plate  III.  This  tooth  may  be 
taken  as  the  type  of  a  new  species,  Auhlysodon  cristatus. 

The  fact  that  these  peculiar  teeth  are  apparently  in  pairs, 
md  are  in  themselves  more  like  the  teeth  of  mammals  than 
:>{  reptiles,  has  long  been  considered  by  the  writer  an  argu- 
ment for  the  mammalian  character  of  the  smaller  forms 
it  least.  The  large,  crenulated  teeth  described  by  Leidy 
strongly  resemble  those  of  carnivorous  Dinosaurs,  as  he  con- 
sidered them,  but  no  Dinosaur  teeth  of  this  form  have  been 
found  in  position  in  the  jaws.  The  next  smaller  size,  with 
very  faint  crenulations,  one  of  which  is  figured  in  Plate  III, 
Sgure  5,  is  too  large  for  any  mammal  yet  known  from  the 
Laramie,  and  this  is  true,  also,  of  those  figured  by  Leidy. 

Many  of  the  smaller  teeth  of  this  type,  if  considered  apart 

from  the  others,  would  naturally  be  regarded  as  mammalian 

incisors,  especially  from  the  lower  jaw,  and  the  wear  of  the 

summits  would  in  itself  tend  to  strengthen  this  reference,  if 

some  of  these  teeth  alone  were  considered.     A  number  have 

been  found,  however,  that  show  wear  not  only  on  the  summit 

and  on  one  side  near  the  summit,  but  also  on  the  other  edge. 

This  would  imply,  if  these  teeth  are   really  lower  incisors,. 

either  that  the  rami  of  the  lower  jaw  were  so  loosely  united  at 

the  symphysis  that  motion  between  them  was  possible,  so  that 

the  incisors  could  thus  rub  against  each  other,  or  that  these 

teeth  were  separated  so  as  to  admit  the  upper  opposing  teeth 

between  them. 

That  some  of  these  teeth  are  mammalian  incisors  there  can 
be  but  little  doubt,  and  this  doubt  can  only  be  removed 
entirely  by  the  fortunate  discovery  of  a  tooth  in  position  in 
the  jaw. 

Cimolopteryx^  Marsh,  1889. 

The  only  bird  hitherto  known  from  the  Laramie  deposits  is 
Oimolapteryx  raruSy  the  type  specimen  of  which  is  represented 
on  Plate  III,  figure  2.  Another  species,  about  twice  tne  size  of 
the  first,  is  indicated  by  various  remains,  among  them  the  cora- 
coid.  This  bone  lacks  the  strong  inner  process  near  the  pit  for 
the  scapula,  which  is  characteristic  of  the  smaller  form.  The 
present  species,  which  may  be  called  Cimolopteryx  retustie,  is 
»1bo  from  Wyoming. 

The  new  Laramie  fossils  here  described  and  figured  were 
collected  by  Mr.  J.  B.  Hatcher  and  party,  in  the  Ceratops  beds 
of  Montana  and  Wyoming.  They  will  all  be  discussed  more 
foUyin  another  communication. 

Now  Haven,  Conn.}  July  18,  1893. 
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Explanation  of  Plates. 

Plate  II, 

Figure  1. — Left  fore  leg  of  Claosaurus  annectena,  Marsh;  outside  view,  r, 
coracoid;  A,  humerus;  r,  radius;  5,  scapula;  «,  ulna;  I.  first  digit; 
IV.  fourth  digit. 

FiGUBE  2. — Left  hind  leg  of  the  same  individual ;  outside  view,  a,  astragalus:  c. 
calcaneum  ;  /,  femur;  /*,  fibula;  it,  ilium;  is,  ischium;  p,  pubis:  ;/, 
postpubis ;  ^,  tibia.     Figures  I  and  2  are  one-tweutieth  natural  size. 

Figure  3. — Pelvis  of  the  same  individual;  seen  from  the  left.  One-aixteenth 
natural  size,    a,  acetabulum ;  other  letters  as  in  figure  2. 

Plate  II L 

Figure  1. — Sternal  bone  of    Claoaaurus  annectens.      One-eighth   natural  size. 

a,  seen  from  above ;  6,  seen  from  below. 
Figure  2. — Left  coracoid  of  Cimolopteryx  rarua^  Marsh.     Natural  size.    «,  front 

view ;  Jk  inner  view ;  c,  back  view ;  d,  lower  end. 
Figure  3. — Tooth  of  PaUxoscincus  latus,  Marsh,    a,  natural  size ;  fc,  c.  rf,  twice 

natural  size. 
Figure  4. — Tooth  of  Aublysodon  mirandus,  Leidy.     Natural  size,     a,  front  \iew^ 

with  sections  ;  6,  side  view.    (After  Leidv.) 
Figure  5. — Tooth  of  Aublysodon  amplus.  Marsh.    Natural  size,    a,  side  view; 

6,  back  view ;  c,  front  view. 
Figure  6. — Tooth  of  Aublysodon  cristatus,  Marsh.     Twice  natural  size.    a.  side 

view ;  b,  back  view ;  c,  front  view. 

Plate  IV. 

Fku'RE   1. — Tooth  ot  Sfy>jos(ni 'US  //;>'/>//a^/«.  Marsh.     (/,  natural  size :  ?»./*,  rf, twice 

natural  >izo. 
FhiURK  2. — Li'ft  fore  \o^  of  the  sauio  species. 
FniiKE  3  — Left  hiii<l  Up  of  the  same  species.     Figures  2  and  3  are  one-sixtecnili 

natural  si/.e      Letters  as  in  Flate  II. 

Plati:  V. 
Fi<;i  KK   1.— Left  liiinl  h'vr  of  /.-/ox/ //■?->  ff/^/v.   Marsh:  outside  view.     One-eighth 

U'ltural  >\/.*'. 
Fi'ifUi:  2. — Left  l:iii<i   leg  «.«f    r'/>/<^''"^'/ ".//%■  disjinr.  Marsh:  outside   view.    Une- 

twelf'h  natural  size. 
Fn.niK  3. — I'elvis    oi    th-.'   .-.luje   individual':    .<een    from    tiie    left.     Oac-twf'.fl!. 

nauiral  .-i/.".      Letters  u.-r  m  tl.e  preceding  plates. 
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LRT.  XXV. — The  Gulf  of  Mexico  as  a  Measure  of  Isostasy  ; 

by  'W.  J.  McGee. 

I. 

The  now  venerable  James  Hall  was  one  of  the  first  geolo- 
ists  to  observe  that  areas  of  rapid  deposition  are  areas  of 
ubsidence.  When  Powell  extended  his  early  surveys  into 
western  America  he  observed  the  converse  relation,  namely, 
hat  areas  of  degradation  are  areas  of  elevation.  As  the  geo- 
letic  surveys  of  Grreat  Britain,  India  and  the  European  conti- 
lent  yielded  data  for  determining  the  distribution  of  density 
a  the  earth,  Pratt  and  afterward  Fisher  and  others  observed 
hat  the  sea  bottoms  are  heavy,  the  continents  lighter,  the 
Doantain  ranges  lightest  of  all.  Meantime  and  subsequentiv 
he  original  observations  were  repeated  and  extended  in  dii- 
erent  lands  until  the  observed  relations  were  found  to  be 
general ;  meantime  ako  the  relation  of  coexistence  was  inferred 
0  be  one  of  sequence,  and  thus  it  came  to  be  recognized  that 
nountains  are  nigh  because  they  are  light,  that  sea  bottoms 
ire  low  because  they  are  heavy,  that  areas  of  degradation  rise 
because  of  unloading,  and  that  areas  of  deposition  subside 
>ecaii8e  of  loading — i.  e.  it  came  to  be  recognized  that  the 
entire  terrestrial  crust  is  in  a  condition  analogous  to  that  of 
tiydroBtatic  equilibrium.  This  subiect  has  been  profoundly 
itadied  by  Dutton,  who  invented  the  term  isostasy  to  denote 
wch  condition  of  static  balance  in  the  external  portion  of  the 
ewth. 

lAi.  JouB.  Soi.— Thibd  SiRns,  Vol.  XLIV,  No.  261.— Sept.,  1892. 
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The  earlier  and  most  of  the  later  data,  upon  whicb  the  dc 
trine  of  isoetHsy  depends  were  imlired^  \.  e.,  they  were  infi 
ences  from  the  characters  and  relations  of  formatione  It 
down,  or  terrane*  lifted  and  degraded,  during  long  past  eoc 
yet  there  ib  no  dearth  of  direct  data — i.  e.,  data  derived  imn 
diately  from  ohservation — snstaining  the  doctrine. 

One  class  of  encli  data  is  found  in  the  relation  betwe 
tracts  of  depoBitiou  and  eartliquakes :  If  the  earthquakes : 
corded  in  history  are  separated  into  three  categories  of  asaoc 
tion,  viz  :  (1)  earthquakes  associated  with  volcanoes,  (2)  ear 
quakes  associated  with  hot  springs,  and  lines  or  zonea  of  aetj 
orogeny,  and  (3)  great  earthqiiakes  apparently  not  connect 
witii  vulcanisin  or  orogeny — it  will  be  found  that  the  greai 
part  of  the  third  category  have  affected  tracts  of  rapid  depo 
tion.  aud  cbniinonly  that  after  the  tremor  the  land  stood  Ion 
than  before.  Thus,  the  OharJefiton  earthquake  of  ISSfl,  f 
over  an  area  of  nearly  a  million  square  inilflg,  iiffected  t 
Atlantic  coastal  plain  of  the  United  States,  a  tract  of  remai 
able  simplicity  and  uniformity  of  movement  daring  lal 
geologic  times  yet  one  of  rapid  and  long  continued  depositio 
tlie  New  Madrid  earthquake  of  1811-13,  felt  over  an  area 
certainly  a  million  and  a  half  square  miles  in  central  a 
eastern  United  States,  affected  a  tract  of  exceptionally  geni 
movtjmeut  aud  unifonn  geologic  hiHtory,  thongh  the  unload! 
ground  of  the  great  river  of  the  continent,  and  the  land  « 
spasmodically  depressed  over  thousands  of  square  miles:  t 
great  Lisbou  earthquake  of  1755  originated  in  and  affeci 
most  liisastrousiy  the  traet  upun  wbicJi  thp  Taiju-  drops  t 
detritus  gathered  from  ■.\  sixtli  jiait  of  the  Ilwriaii  pL-iiinsnl 
the  Kach  earthquakes  of  1819  and  later  dates  devastated  t 
delta  of  the  mountain-born  Indus  and  left  the  land  some  ft 
or  yards  lower  than  before,  thus  extending  the  vast  wate 
waste  known  as  the  Rann  of  Kach  ;  the  Cachar  earthquake 
1869  similarly  affected  the  deposition-tract  of  the  powerl 
Ganges  and  Brahma-putra;  the  deposit!  on -tract  of  the  mo 
stained  Hwang-ho  and  the  torrential  Yang-tse-Kiang  are  note 
ously  earthquake  ridden — in  short,  nearly  all  if  not  all  of  tl 
extensive  non-volcanic  earthquakes  recorded  in  history  ce 
tered  in  tracts  of  rapid  deposition.  In  some  cases  the  da 
derived  from  this  relation  are  equivocal;  yet  they  are  soir 
times  apparently  trustworthy. 

A  second  class  of  direct  data  sustaining  the  doctrine 
isostasy  is  found  in  the  relation  between  tracts  of  deposit!' 
and  measured  subsidence  of  the  land  or  encroachment  of  t 
waters.  If  the  tracts  of  rapid  deposition  are  separated  ir 
three  categories  of  association,  viz  :  (1)  deposition  tracts  wit! 
or  near  the  areas  of  Pleistocene  glaciation,  (2)  deposition  trs' 
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n  or  near  zones  of  active  vulcanisra  or  orogeny,  and  (3)  depo- 
ition  tracts  in.  generally  stable  regions  far  removed  from 
i^leistocene  glaciation,  vulcanism  and  orogeny — it  will  be  found 
hat  the  greater  part  of  the  third  category  are  also  tracts  of 
apid  subsidence  or  of  rapid  encroachment  of  the  waters.  The 
lata  derived  from  this  relation,  which  also  are  sometimes 
qui  vocal  though  often  unmistakable,  are  of  two  kinds,  which 
nay  be  called  respectively  quantitative  and  qualitative;  the 
irst  being  actual  measures,  and  the  second  inferences  from 
nalogous  measured  examples  and  from  known  geologic  pro- 

A  good  example  of  the  first  of  these  kinds  of  data  is  the 
outheastem  shore  of  North  sea,  which  is  burdened  beneath 
letritns  dropped  from  the  Rhine,  Maas  and  Scheldt,  the  Weser 
ind  the  Elbe,  and  which  has  been  sinking  since  the  beginning 
>f  local  history ;  the  island  of  Batavia,  inhabited  in  the  days 
>f  Tacitus  is  drowned ;  Zuydee  Zee  was  formed  by  an  inva- 
ion  of  the  waters  about  the  end  of  the  13th  century ;  again 
ind  again  towns  and  villages  have  been  inundated  and  swept 
:rom  the  face  of  the  eartli ;  broad  slices  of  ill-fated  Heligo- 
and  are  annually  devoured  by  the  sea ;  the  Netherland  polders 
[or  dike- protected  lands)  are  maintained  by  artificial  embank- 
ments which  require  raising  from  generation  to  generation 
^Btil  now  cultivated  fields  lie  7  to  10  meters  below  tide  level ; 
and  the  artificial  embankments  could  not  withstand  the  force 
of  the  waves  were  they  not  themselves  protected  by  much 
larger  natural  embankments  called  dunes  (analogues  of  the 
^keys"  of  the  American  coast).  The  measured  rate  of  sink- 
ing along  the  Netherland  coast  ranges  from  0*09  meter  to 
0'75  meter  per  century ;  since  1732  the  mean  rate,  according 
to  Girard,  has  been  about  0  26  meter  per  century.*  The  rate 
of  sea  encroachment  on  the  lowlands  cannot  accurately  be 
determined,  by  reason  of  the  artificial  intervention  which  per- 
mits cultivation  of  lands  lying  far  below  tide  level ;  the  rate 
of  encroachment  on  the  higher  lands  is  measured  by  the 
destruction  of  Heligoland,  which  was  190  or  200  kilometers  in 
circuit  in  the  year  800,  72  kilometers  in  1300,  only  6'5  kilo- 
meters in  1649,t  and  is  decimated  annually.  Anotner  exam- 
ple is  the  tract  centering  about  New  York  bay  though 
extending  from  Long  Island  sound  to  Chesapeake  bay,  into 
which  is  poured  nearly  all  the  sediment  gathered  from  a  many 
times  larger  semi-ellipse  in  eastern  United  States,  and  in  which 
ako  the  sinking  is  known  to  be  rapid.  According  to  the  con- 
servative estimates  of  the  late  Dr.  George  H.  Cook,  the  direct 
aabfiidence  reaches  and  probably  exceeds  two  feet  per  century. 

*  Recherches  sur  I'lnstabilit^  des  Oontiaents,  1886,  p.  168. 
t  Ibid,  p.  31. 
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The  encroachment  of  the  bays  and  of  the  adjacent  AtJantic 
is  proportionately  rapid ;  within  the  last  fifty  years  it  \m 
reached  half  a  mile  in  some  localities,  averaging  a  furlong  or 
more,  and  has  destroyed  property  amonnting  to  millions  of 
dollars.  Both  of  these  deposition  tracts  lie  near  and  possibly 
within  the  influence  of  Pleistocene  glaciation ;  yet  they  are 
especially  significant  in  that  the  quantitative  data  derived  from 
them  are  connected  with  and  give  value  to  data  of  the  qualita- 
tive kind. 

Through  the  association  of  the  two  kinds  of    data  on  the 
Netherland  and  New  Jersey  coasts,  as  well  as  through  infer- 
ence from  geologic  process,  it  is  found  that  the  most  trust- 
worthy  physiographic   indications  of  subsidence  are :  (I)  en 
croachment    of    the    sea ;    (2)   wave-built   breakwaters  aloDg 
lowland   coasts   (the   "  dunes "   of    Holland,   the    "  keys "  of 
America) ;    (3)  precipitous   and   talus-free   or   undercut  cliflfs 
along  highland  coasts ;  (4)  estuaries  at  the  mouths  of  sediment- 
bearing  rivers ;  and  (5)  natural  levees  along  the  lower  courses 
of  rivers,  leaving  low-lying  and  periodically  fiooded  marshes  or 
salines   on    either  hand.      These    physiographic    indications 
express  rates,  though  only  in  a  qualitative  way  :  Thus,  the  rate 
of  encroachment  is  a  function  of  the  subsidence,  but  is  aflFected 
by  the  seaward  inclination,  by  the  obduracy  of  the  terrane,  by 
the  force  of  the  waves  and  currents,  etc.      The  building  of 
natural  breakwaters  is  characteristic  only  of  coasts  skirted  by 
submerged  terraces  or  shelves ;  for  when  coasts  are  so  condi- 
tionod  the  waves  come  in  with  ever  increasing:  impetus  over  the 
snhsidinii:  sea  bottom,  constantly  casting  up  sand  to  strongtheii 
the  l)arrier,  and    if    the  contiguous    land  is  low  a  lai:roon  or 
''sound"  is  formed  beliiiid  tlie  harrier  and  widens  more  nijt- 
idlv  tliaii   the  harrier,    is   driven   inland   until  both  are  tinallv 
oversowed  and   converted    into   open  sea,  when  the  process  i? 
repeated   on  new-made  shores;  and  tlius  in  a  general  way  the 
strenirth  of    wave-l)nilt    breakwaters    and    the    width    of  the 
hiixoons  separatini:;  them  from  the  mainland  give  rude  measures 
of  sul)si<lencti.     Talus-free  cliiTs  are  indeed  an  indication  of  the 
ever   increasinj/   force   of  the   waves  on  subsiding  coasts :  vet, 
while  the  cliff  conii<j;uration  of  subsiding  tracts  like  Chesapeake 
bav  and   of  rising  tracts   like   Pnget  sound  are  markedly  dis- 
tinct, so  many  other  conditions  affect  sea-washed    rock  faces 
that  they  are  usefnl  only  in  exceptional  cases.     Again,  estu- 
aries may  be  inherited  from  earlier  eons,  and  at  the  best  only 
indicate  that  subsidence    outruns  sedimentation,    thus    tjivinir 
minimum    rather  than   mean  n)easures  of  movement.     Levee 
buildinii:,  on  the  otlicr  hand,  may  represent  merely  diminution 
in  declivity  resulting  from  the  pusliing  out  of  deltas,  and  on 
the  whole  tends  to  give  excessive  or  at  most  maximum  meits- 
ures  of  subsidence. 
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The  qaalitative  kind  of  direct  data  are  well  exemplified  at 
the  head  of  the  Bay  of  Ben^l  with  the  adjacent  Sanderbands, 
the  depositing  ground  of  two  of  the  most  potent  rivers  of  the 
^lobe  (Ganges  and  Brahmaputra),  where  the  rate  of  subsidence 
—shown  by  the  Indian  geologists  to  have  reached  over  400 
Feet  in  recent  geologic  times — has  not  been  measured,  yet  is 
proved  to  be  rapid  by  the  coastal  configuration,  by  the  estuaries 
through  which  the  rivers  embouch,  and  by  the  immense  natu- 
ral  levees   flanking   the   rivers   arid   their   distributaries   and 
K)unding  broad  intervening  flats,  or  "jhils";  they  are  exem- 
plified again  at  the  mouths  of  the  Amazon  and  la  !^lata,  which 
:ogether  carry  the  degradation  products  of  the  greater  part  of 
ihe  South  American  continent,  and  which  embouch  into  vast 
estuaries  after  dividing    into    networks  of   lev6e-flanked  dis- 
tributaries insulating  extensive  marshes ;  they  are  exemplified 
ilso  about  the  mouth  of  the  Indus,  once  supposed  to  be  an 
area  of   uplift  but   now  known  to  be  subsiding,  where  the 
larger  distributaries  are  estuarine  and  where  the  interstreara 
fiats  are  vast  salines  annually  fiooded  and  silt-mantled  by  fresh 
waters,  3'et  always  so  delicately  adjusted  to  tide  level  as  to  be 
flooded  and  salt-mantled   by  sea  waters   during  each  annual 
monsoon ;  they  are  apparently  well  exemplified  again  about 
the  northern  end  of  Caspian  sea  and  in  the  delta  plains  of  the 
Volga  and  Ural,  as  well  as  about  Aral  sea  and  in  the  broader 
delta  plains  of  its  far-reaching  affluents;  they  are  exemplified 
also  on  the  northern  and  western  shores  of  Black  sea,  and  still 
more  notably  about  the  Sea  of  Azof,  which  together  receive 
the  drainage  of  a  third  of  Europe  ;  they  are  exemplified,  par- 
ticularly the  estuaries  and  anastomosing  levee-fianked  distribu- 
taries, on  the  westeni  shore  of  Hwang-hai  (China  sea  or  Yellow 
sea)  about  the   mouths   of   the   muddy   rivers    draining   the 
eastern  Himalayas  and  the  loess-mantled  plateaus  of  eastern 
Thibet  and  western  China ;  they  are  strikingly  exemplified  at 
the  northwestern  extremity  of  Adriatic  sea  about  the  mouth 
of  the  lev6e-lifted  Po,  perhaps  the  most  energetic  river  of  the 
world  in  proportion  to  its  size  ;  and  they  are  exemplified  more 
notably  than  elsewhere  on  the  globe  about  the  snores  of  the 
Golf  of  Mexico,  the  depositing  ground  of  rivers  degrading  a 
fourth  of  the  North  American  continent.     These  and  other 
notable  examples  are  summarized  in  the  accompanying  table, 
which  is  grapnically  depicted  in  figure  1  (p.  183). 

On  reviewing  these  examples  yielding  direct  yet  only  quali- 
tative data  concerning  the  relation  between  deposition  and 
subsidence,  it  appears  that  the  data  are  of  unlike  value :  The 
most  extensive  degradation  tract  on  the  globe  is  that  of  the 
Amazon,  but  the  Amazonian  detritus  is  partly  spread  over  a 
vast  flood  plain  lying  at  base-level,  partly  dropped  in  an  exten- 
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flive  estuary,  and  mrtiy  cast  into  tho  sett  to  be  widely  dislrib- 
utcd  by  exceptionally  powerful  opeaiiic  cnn-ente;  mid,  more- 
over, tliia  vast  river  is  comparatively  little  affected  by  seasonal 
fresbets  riiicli  as  multiply  the  ofBcioocy  of  extra  tropical  utreatM 
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The  second  degradation  area  in  extent  is  tbat  of  the  Mississippi, 
the  Rio  Grande,  and  their  weaker  neighbors,  whose  deposits 
not  only  fall  into  the  nearly  enclosed  Gulf  of  Mexico  but,  by 
reason  of  the  prevailing  currents,  are  confined  to  its  northern 
fraction.  A  portion  of  this  degradation  area  is  indeed  sub- 
arid  and  only  a  small  portion  is  mountainous ;  yet  in  general 
degradation  is  rapid — toward  the  Rocky  Mountains  because  of 

•  Reduced  [0  BUmte  miles  from  A.  Keith  Johnson's  ■'  Physical  Atlas  of  SaWtjl 
Phenomena,'  ISriG,  pla.  IS,  17, 

t  Comjiuled  by  means  o[  the  planimetpr  from  tho  United  States  Geological  fu'- 
vey  '■  9-sheet"  bane  map  of  tiie  Unieed  Stales,  by  John  li.  Torbert. 

1  Computed  by  John  B.  Torbert. 

§  Estimated. 

[Encyclopedia  liritlanica,  9th  edition, 

^  AppletoDB  American  Encyclopedia, 
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I  hij^h  declivity, 
over  the  Plains 
by  reason  of 
late  Tertiary 
elevatioD,      in 

Itlie  northern 
interior  be- 
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I  seasonal  storms 

I  or  vernal  snow- 
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deed  by  far  the 
greater  part  of 
the  area  stanfls 

I  so  high  above 
base-level  that 
the  activity  of 
degradation  is 
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I  able  with  that 
of  the  other 
jfreiit  tr;icts  of 
(he  i;lobe.     In 
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dation tract  in 
extent  (that  of 
the  Hwang-ho 

'  and  Tang-tse- 
Kiang)  unload- 
ing is  unqnes- 

'  tionably     pro- 
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ceeding  rapidly,  but  the  correlative  area  of  loading  is  so  ill-de- 
fined as  hardly  to  be  susceptible  of  estimate ;  while  in  the  fourth 
area  (that  of  la  Plata),  where  degradation  is  probably  more  slug- 
gish, the  deposition  area  is  still  more  indefinite.    The  fifth  in  ex- 
tent of  the  degradation  tracts  concentrates  its  detritus  in  the  well 
defined  area  of  Black  and  Azof  seas ;  yet  so  little  is  known  of  the 
coastal  configuration  of  these  seas  and  of  the  possible  influence 
of  Pleistocene  glaciation  and  contiguous  orogeny  that  the  data 
afforded  by  this  example  are  of  little  service.     The  deposits  of 
the  sixth  degradation   tract  are  in  like  manner  concentrated 
upon  a  limited  area  which  may  be  assumed  to  eqaal  the  north- 
ern half  of  Caspian  sea,  and  in  the  seventh  tract  the  concen- 
tration is  still  greater,   the  degradation  tract  tributary  to  the 
Aral  being  no  less  than  twenty-four  times  that  of  deposition ; 
but  both  examples  are  enclosed  basins  in  which  tlie  record  of 
isostatic  subsidence  is  complicated  by  the  direct  displacement 
of  the  water  and  also  by  the  variations  in  water- volume  depend- 
ing on  climatal  conditions,  and  accordingly  the  data  in  these 
cases  are  unworthy  of  trust.      The  eighth   degradation   tract 
(Ganges  and  Brahmaputra)  is  especially  noteworthy  by  reason 
of  the  activity  of  the  rivei*s  and  the  vast  volume  of  detritus 
annually  discharged ;  but  the  correlative  deposition  area  is  so 
ill  defined  that,  apart  from  the  incomplete  measurements  of  the 
Indian  survey,  the  relative  value  of  the  data  afforded  by  this 
example  is  not  easily  ascertained  ;    and  this  is  true  in  still 
stronger  measure  of  the  ninth  tract,  or  that  of  the  notablj 
active   Indus.      Tiie    tenth   degradation    tract  in    extent  (St. 
Lawrence)  is  useless  as  a  measure  of  isostatic  subsidence,  il) 
l)ecanse    it  is  wliolly  within    tlie    area   of    Pleistocene  ii:lacia- 
tion,   (2)  because  tlie  correlative  deposition  tract  is  ill-detined. 
and   {'A)   hecause  its  coiiise  is  interru])te(l   bv  several  settling 
basins.     The   eleventh   tract  (that  of  the  lihine  and  its  iieiirli- 
bors)  is  one  of  activity  in  both  deirradation  and  dej)ositi()n,  aiiJ 
one   moreover  in   which  the  coml)ined  effect  of   tides  and  cur- 
rents |)rol)al)ly  tends  to  confine  deposition  to  the  comparatively 
narrow    zone   aloni;  which   snl)sidence  is   best  marked,  if  not 
chiefly  to  Zny<ler  Zee  and  the  ri])arian  estuaries  ;  yet  it  is  ])ossil>le 
if  not  pi'obable  that  this  area  is  within  the  influence  of  Ploiv 
tocene  <'lii<'i'^tion,  and  hence  of  an  extraneous  disturbance  ft 
e<|uilil)rinm  not  yet  com])letely  restored.     The  twelfth   tract, 
too  ( New  York  and  neighboring  bays),  lies  partly  within  the  area 
of  irhiciation,  and  is  nioreovei'airected  by  a  modern  displacetneiit: 
but  it  ac(|uires  value  fi'om  the  connecti(>n  with  rude  vet  usetul 
rate  measurements.     The  smallest  of  the  degradation  tracts  (that 
of  the  Po,  the  Adige,  the    Piave,  and  several  smaller  streams, 
all  of  great  activity),  concentrates  its  products  in  a  presumptively 
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limited  portion  of  Adriatic  Sea ;  yet  the  valne  of  this  example  is 
diminished  by  reason  of  the  vulcanism  and  orogeny  of  contigu- 
)n8  territory.  For  similar  reasons  and  because  of  its  irregularity 
)f  outline  and  inequality  of  loading  in  different  parts,  the 
Mediterranean  may  be  excluded  from  the  list  of  noteworthy 
lepoeition  tracts  of  the  globe.  The  African  and  Australian 
legradation  tracts  may  also  be  neglected,  partly  because  the 
reas  are  ill  determined,  partly  because  deposition  is  seldom 
oncentrated  in  measureable  tracts. 

Weighing  the  various  considerations  aflEecting  the  value  of 
he  data  yielded  by  each  of  the  tabulated  deposition  tracts, 
hey  appear  to  fall  into  the  following  order:  (1)  Gulf  of  Mex- 
co,  (2)  North  sea,  (3)  New  York  bay,  (4)  Bay  of  Bengal,  (5) 
\.driatic  sea,  (6)  Hwang-hai,  (7)  Black  and  Azof  seas,  (8)  Ara- 
)ian  Gulf,  (9)  the  Amazon  estuary,  (10)  la  Plata  estuary,  (11) 
Caspian  sea,  (12)  the  Aral,  and  (13)  Gulf  of  St.  Lawrence. 
)n  reviewing  the  data  yielded  by  the  several  examples  in 
lew  of  this  weighing,  in  view  of  the  ratios  between  areas  of 
legradation  and  areas  of  deposition,  and  in  view  of  the  relative 
ictivity  of  the  several  rivers,  the  influence  of  tides  and  cur- 
rents, etc,  it  appears  that  all  are  consistent — that  every  con- 
siderable deposition  tract  beyond  the  reach  of  Pleistocene 
placiation,  vulcanism,  and  orogeny  is  subsiding;  that,  other 
thin^  equal  and  so  far  as  the  data  are  available  and  trnst- 
wortliy,  the  rate  of  subsidence  is  proportional  to  the  relative 
areas  of  degradation  and  deposition ;  and  that,  other  things 
equal  and  so  far  as  the  data  are  available  and  trustworthy,  the 
subsidence  is  proportional  to  the  activity  of  the  rivers  in  the 
correlative  degradation  tracts. 

So  the  indirect  data  concerning  isostasy,  derived  through 
inferences  from  formations  deposited  or  terranes  degraded 
during  long  past  eons,  are  supplemented  by  a  trustworthy 
body  of 'direct  data  derived  from  the  physiography  of  the 
earth  in  its  present  condition  ;  and  the  direct  data  are  superior 
to  most*  of  the  indirect  in  that  they  are  susceptible  of  relative, 
and  in  some  cases  absolute,  evaluation. 

II. 

Even  on  casual  inspection  it  is  apparent  that  the  Gulf  of 
Mexico  18  one  of  the  most  fortunately  situated  deposition  tracts 
of  the  globe  for  the  measurement  of  isostatic  subsidence ;  for 
it  is  a  land-rimmed  basin  of  considerable  area,  connected  with 
open  sea  through  relatively  narrow  straits,  and  fed  by  drainage 

^ Id  one  case  the  indirect  data  have  been  evaluated.  This  is  Gilbert's  classic 
•tady  of  the  strength  of  the  earth's  crust  as  indicated  bj  the  deformed  shore  lines 
of  the  extinct  Lake  Bonneville  (Bull.  Geo).  Soc.  Am.,  vol.  i.  1889.  pp.  23-27; 
^ODogrtph  I,  U.  8.  Geol.  Survey,  -'Lake  Bonneville,"  1890,  p.  387,  et  seq.). 
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from  a  many  times  larger  degradution  Iraot  (figure  3).  Oh 
closer  inspection  the  tiret  impresaion  is  Btrengtiionpd :  Tiic 
nortliern  half  of  the  Gulf  with  the  adjacent  lands  {of  which 
nlone  the  geologic  history  has  been  clearly  read)  is  a  province 
of  simple  stniettire,  of  limited  and  uniform  continental  mow- 
nients  since  the  middle  Cretaceous;  furtliermore,  it  is  l!ii» 
northern  half  of  the  Gulf  which  receives  the  drainage  from 
the  second  largest  dogradation  tract  of  the  globe  ;  inoreom, 
one  of  the  strongest  oceanic  currents  of  the  globe — thi!  raiin 
Atlantic  equatorial  current — enters  the  Gulf  through  YucaUn 


channel  ami  sweeps  through  the  hasiii  in  such  fashion  as  to  cod- 
cetitrate  t!ie  sediments  upon  a  narrow  zone  skirting  the  northera 
border  of  the  basin:  and  finally  the  influence  of  sedimentation 
is  not  confined  to  a  single  deltJi  but  is  so  distributed  that  ths 
rate  of  deposition  is  variable  in  dltferent  parts  of  the  littor*! 
zone,  though  in  simple  and  easily  ascertained  fashion. 

Unfortunately  the  Gnlf  coast  has  only  recently  been  Bur- 
veyed  with  jjrecision,  and  the  surveys  have  not  yet  been  re- 
peated in  siicli  iiiaiinur  as  to  give  quantitatively  exact  mrafr 
uremciits   of   lundsiibsidenee   or   sea-encroaehmeat ;    but  the 
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physiographic  indications  of  land-sabsidence  are  numerous, 
consistent,  and  unmistakeable.  Tlius,  island  after  island  along 
the  Loaisiana  coast  has  been  sabmerged  bodily  or  devoured  by 
dices,  and  many  historic  plantations  on  the  shores  of  Missis- 
sippi sound  and  the  open  Oulf  have  melted  into  the  waters 
witnin  the  present  century ;  thus,  too,  the  coasts  (with  one  or 
two  most  significant  exceptions)  are  skirted  by  wave-built 
breakwaters  separated  from  the  mainland  by  long  narrow  bays 
(the  "  keys "  and  '*  sounds "  of  the  vernacular)  from  the  Rio 
&rande  to  Florida  strait ;  again,  wherever  the  generally  low 
^eastward  lands  rise  a  dozen  feet  or  yards  above  tide,  they  are 
5arved  into  precipitous  talus-free  clitts ;  half  of  the  rivers,  too, 
ilbeit  heavily  detritus-charged,  embouch  into  estuaries;  and, 
noreover,  each  principal  river,  whether  estuarine  or  delta- 
>ailding  toward  its  mouth,  divides  into  distributaries  (or 
'bayous")  in  its  lower  reaches,  and  the  anastomosing  channels 
ire  flanked  by  natural  levies  separating  periodically-inundated 
iats,  which  are  lakes,  marshes,  salines,  or  "  black  prairies "  ac- 
cording to  local  conditions.  In  addition  to  these  physiographic 
iata  tfiere  are  found  buried  forests,  old  causeways  now  over- 
lowed  at  low  tide,  aboriginal  shell  heaps  nearly  or  quite  sub- 
merged, savanna  pine  forests  once  luxuriant  but  now  poisoned 
by  salt  water,  and  various  other  indications  of  changmg  rela- 
tion between  land  and  sea ;  and  it  is  to  be  observed  tliat  while 
these  indications  vary  in  strength  they  are  all  consistent  in 
direction — all  point  to  subsiding  land,  none  point  to  rising  or 
even  stationary  land. 

On  comparing  the  phvsiographic  data  about  the  shores  of 
the  Gulf  with  the  like  data  yielded  by  measured  examples  of 
2few  Jersey  and  the  Netherlands,  it  would  appear,  (1)  that  the 
average  rate  of  sea-encroachment  about  the  Gulf  is  nearly  or 
ouite  as  high  as  on  the  New  Jersey  coast  and  higher  than  on 
the  Netheriand  coast,  at  least  since  the  building  of  the  dikes ; 
(2)  that  on  the  average  the  wave-built  breakwaters  are  higher 
and  more  distant  from  the  mainland  than  in  New  Jersey,  and 
more  extensive  than,  though  scarcely  so  high  and  distant  as  in 
the  Netherlands ;  (3)  that  the  talus-free  cliffs  are  even  more 
characteristic  than  in  New  Jersey  or  (probably)  the  Nether- 
lands; (4)  that  on  the  average  the  estuaries  are  nearly  as  broad 
and  deep  as  in  New  Jersey  and  more  extensive  than  in  Hol- 
land: and  (5)  that  the  natural  levees  are  relatively  higher  and 
broader  than  in  New  Jersey  and,  so  far  as  comparison  is  possi- 
ble, about  as  high  and  broad  as  in  the  Netherlands.  The  value 
of  the  physiographic  indications  of  subsidence  of  course  de- 
pends largely  on  a  number  of  local  and  general  conditions,  such 
as  volumes  of  rivers,  height  of  tides,  strength  of  oceanic  cur- 
rwits,  direction  of  prevailing  winds,  the  material,  height,  and 
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general  configuration  of  shores,  the  breadth  and  depth  of  the 
water-body  in  which  the  waves  are  generated,  etc. ;  yet  howso- 
ever these  conditions  aflEecting  the  comparison  are  weighed,  the 
Gulf  phenomena  appear  to  record  an  average  subsidence  fully 
as  rapid  as  that  of  the  Netherlands  or  New  Jersey ;  or  (the 
vertical  movement  in  the  carefully  measured  case  amounting 
to  0*26  meter  and  in  the  more  roughly  measured  example 
reaching  two  feet  per  century)  of  at  least  a  foot  in  a  hundred 
years. 

On  comparing  this  value  with  the  rates  of  degradation  and 
correlative  deposition,  a  relation  is  obtained  which,   although 
lacking  in  precision,  is  nevertheless  useful :     The  area  of  d^- 
radation  is  1,800,000  square  miles;  the  maximum   assignable 
area  of  deposition  is  less  than  300,000  square  miles,  and  since 
the  direction  and  force  of  currents  and  the  configuration  of  the 
Gulf   bottom   alike   indicate   that   appreciable   sedimentation 
must  be  confined  to  a  relatively  narrow  zone  skirting  the  coast, 
it  may  be  placed  at  a   third  of  that  area  or  100,000  square 
miles,  which  is  one-eighteenth  that  of  degradation.     Now,  the 
commonly  accepted  rate  of  degradation  of  the  earth's  surface, 
based  on  the  surveys  of  the  Mississippi  by  Humphreys  and 
Abbot,  is  a  foot  in  fiOOO  years ;  and  this  corresponds  to  deposi- 
tion  within   the  Gulf  reaching  one  foot  in  333  years.    So  it 
would  appear  that  the  average  rate  of  subsidence  deduced  from 
comparisons  with  New  Jersey  and  the  Netherlands  is  three 
times  higher  than  would  be  required  for  isostatic  adjustment; 
and  altliougli  the  various  factors  are  so  uncertain  (probably 
Humphrey's  and  Abbot's  value  and  the  deduced   rate  of  Mib- 
sideuce  are  too  low  Jind  tlie  assumed  deposition  area  too  high) 
that   tlie   estitnate   is  sul>ject   to  a '' probable    error"    perhaps 
larp*  enoui^h  to  explain  the  discre|)ancy,  the  discre])ancy  iiever- 
tlieless  sn4!:i,'-ests  that  a  part  of  the  subsidence   inav  ])e  due  to 
some  other  cause.     This  su^i^estion  derives  strength  from  the 
indications  of  ireneral  subsidence  along  the  contiguous  Atlantic 
coast  of  the  United  States. 

On  comparing  the  local  physiographic  indications  of  subsi- 
dence at  various  points  on  the  Gulf  coast,  a  noteworthy  diver- 
sity is  found.  Thus,  the  most  decisive  historical  records  of  en- 
croachment  come  from  the  Louisiaiia  and  Mississippi  coasts,  ana 
there,  too,  talus  free  cliffs  jire  most  characteristic.  Again  the 
strenicth  of  kevs  and  the  width  of  sounds  varies  widelv;  alonir 
the  Florida  coast,  despite  the  long  sweep  of  storm  winds  and 
trades,  the  kevs  are  weak,  th(»  sounds  narrow  and  shoal  ;  toward 
the  Appalachicola  and  Mobile  hay  the  keys  strengthen  and  the 
sounds  widen,  save  where  datnmed  by  deltas;  west  of  Mobile 
hay  tlie  keys  are  huge  hut  half  submerged  banks  rising  in  a 
line  of  islands  separated  from  the  mainland  by  the  broad  Mis- 
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ssippi  sound  ;  west  of  the  great  delta  the  corresponding  keys 
e  completely  submerged  and  reduced  to  a  series  of  banks  and 
oala  separated  from  the  mainland  by  a  trough  even  broader 
an  Mississippi  sound,  and  new  keys  and  sounds  are  forming 
ODg  the  present  coast ;  southwest  of  Galveston  bay  the  keys 
e  of  unparalleled  strength  and  continuity,  while  the  sounds  are 
cad  and  scores  or  even  hundreds  of  miles  in  length.  More- 
er,  some  rivers  are  estuarine  while  others  are  delta-builders, 
id  this  diflFerence  in  habit  is  evidently  independent  in  large 
easure  of  stream- volume  and  of  sediment.  Yet  on  careful  ex- 
nination,  the  apparent  discordance  falls  into  harmony:  The 
rength  of  keys  and  width  of  sounds  is  least  in  the  eastern 
irt  of  the  embayment  where  the  sediment-bearing  rivers  are 
latively  short  and  feeble,  greater  in  the  northwest  where  the 
Fers  are  longer  and  more  potent,  and  greatest  about  the  de- 
«itin^  ground  of  the  chief  river  of  the  continent.  So,  too, 
I  the  large  rivers  of  the  western  and  eastern  coasts  are  delta- 
lilders ;  while  all  of  the  extra-Mississippi  streams  within  a 
mdred  or  a  hundred  and  fifty  miles  of  the  great  river  (and 
esnmptively  within  reach  of  its  isostatic  influence)  embouche 
to  estuaries.*  This  harmony  is  suggestive,  if  not  precisely 
dicative,  of  a  quantitative  relation  between  local  deposition 
id  local  subsidence. 

Summarily,  the  Gulf  of  Mexico,  considered  as  a  unit,  is  one 
:  the  most  fortunately  situated  deposition-tracts  of  the  world 
)v  yielding  a  measure  of  isostatic  subsidence;  considered 
^n  as  a  unit,  its  shores  appear  to  be  subsiding  quite  as 
ipidly  as  isostasy  demands ;  and  considered  as  an  assemblage 
f  deposition  sub  tracts,  the  varying  rates  of  subsidence  appear 
)  be  delicately  adjusted  to  the  local  rates  of  deposition. 

So  the  data  relating  to  the  condition  of  the  earth's  crust 
erived  from  the  modem  Gulf  of  Mexico  indicate  that  through- 
at  the  vast  geologic  province  of  southeastern  North  America, 
wstasy  is  probably  perfect,  i.  e.,  that  land  and  sea  bottom  are 
ere  in  a  state  of  hydrostatic  equilibrium  so  delicately  adjusted 
liat  any  transfer  of  load  produces  a  quantitatively  equivalent 
eformation.f 

*  These  features  are  set  forth  at  some  length  in  a  paper  on  the  Lafayette  f  or- 
ation, I2th  Ann.  Rep.  U.  S.  Geol.  Survey.  1892,  pp.  347-521,  pis.  iixii-xli. 
f  Thomson  and  other  physicists  concluded  some  years  ago,  after  a  study  of  the 
ies,  precession,  etc.,  that  the  earth  as  a  whole  must  be  as  rigid  at  least  <aa  steel. 
ewoomb  has  quite  recently  concluded,  after  discussing  new  data  (iDcluding 
iaiidler*s  brilliant  coordination  of  the  recorded  variations  in  latitude  in  connec- 
10  with  Oppoizer's  computations),  that  "■  the  earth  yields  slightly  less  .  .  .  than 
would  if  it  had  the  rigidity  of  steel,  and  that  it  is  consequently  slightly  more 
pkl  than  steel"  (Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  lii, 
.5  (1892),  p.  339);  so  that  while  Thomson's  result  gives  a  minimum  value, 
It  of  Kewoomb  gives  a  maximum  value  for  the  rigidity  of  the  earth  as  deter- 
oad  from  cosmic  relations.    Now,  without  analysis  of  the  differences  in  defini- 
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III. 

Tlie  measure  of  isostaev  found  in  the  modern  (ttiH  of 
Mexico  mipht  be  tested  by  compariHon  with  the  ineaenTes 
yielded  by  other  gulfs  and  bays,  wore  the  data  concerning  the 
eevertil  fortunately  ^itiiiited  deposit  ion- tracts  sufficiently  pre- 
oieu;  hnt  in  the  deartli  of  siirvers  and  bench-raarka  it  must 
saflico  to  repeat  that  the  physiographic  data  afforded  by  the 
fiay  of  Bengal,  the  Adriatic,  Ilwaiig-liai,  Black  and  Azof  seae, 
the  Arabian  golf,  the  inuntliR  of  the  Amazon  and  la  Plata, 
etc.,  are  harmonions  therewith.  The  nieaaure  cannot  well  be 
tested  by  comparison  witli  the  indirect  data  derived  from  study 
of  ancient  formatioiifi  or  termnes  in  other  geologic  provinces, 
eiiiee  most  of  such  data  are  )i(olat«d  and,  by  reason  of  ignorance 
concerning  the  absolute  or  relative  arean  of  the  tracts  of  degra- 
dation and  deposition  rcBpuctivaly  only  rudely  qnalitativc,  and 
sin<;o  ill  thii  einglc  case  in  which  the  indirect  measnre  is  quanti- 
tative— Gilbert^  ancient  Lake  Bonneville — the  problem  is  so 
complex  as  to  permit  only  the  statement  that  the  results  are  in 
a  general  way  harmouione  with  the  data  yielded  by  the  modem 
Gulf.  The  measure  may,  however,  be  euecked  by  compariscin 
with  past  records  of  the  geologic  province  represented  by  the 
Gulf  and  adjacent  lands. 

The  later  geologic  hirtory  of  the  Gdf  of  Mexico  is  now 
fairly  well  known.  The  uppennost  structural  unit  of  the  con- 
tiguous land  area  is  the  early  Pleistocene  Columbia  formation; 
the  next  in  age  is  the  liite  Neo<^;ne  (probably  Pliocene)  Lafaj- 
i.'tle  (AppiiTiiiitrox)  foi'rn:itiMii.  Now  the  hislory  rpcorded  in 
these  formations  and  in  the  unconformities  by  which  they  are 
bounded  may  be  thus  interpreted  :  Before  the  Lafayette  period 
the  configuration  of  the  southeastern  quarter  of  the  continent 
was  much  the  same  as  to-day,  save  that  the  land  lay  somewhat 
lower  and  flatter;  then  came  the  Lafayette  inundation,  300 to 
900  feet  in  depth  and  extending  from  100  to  500  miles  inland; 
this  was  followed  by  a  high  level  period  during  which  the  land 
was  tilted  seaward  from  the  Appalachian  axis  but  lifted  300  to 
1000  feet  higher  than  before  (or  now),  and  during  which  half 
of  the  volume  of  the  Lafayette  formation  was  degraded,  wliile 
the  rivers  carved  broad  and  deep  canyons  forming  the  estuaries 
yet  indenting  the  Atlantic  and  Gulf  coasts ;  next  the  land 
gradually  subsided  to  its  previous  (and  about  the  present)  mean 

tion  of  icrms  to  which  are  due  the  apparent  discordaoce  between  the  onrmt 
doclrioe  of  pbjsLca  and  tliat  of  geolofty,  it  may  be  pointed  out  thai  these  re- 
markable and  udniiralile  iudiiftions  of  pbjaics  have  no  more  to  do  witli  ibe 
defomiHtion  dealt  witli  by  geolof^isls  Ihnn  laboratory  experiments  oa  tbe  rlgidltr 
and  britiloness  of  ice  huve  to  do  with  the  movemeDta  of  glaciers:  aod  the 
mobility  of  the  terrestrial  enii>t  lhroii);li  a  range  roacliitig  (boiisands  of  feet  and 
even  miles  is  now  quite  as  well  established  as  is  tbe  mobility  of  glacier  ice. 
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de,  though  the  relative  lifting  of  the  Appalachian  axis 
»ted ;   then  came  the  Columbia  inundation,    which  was 

1  with  the  first  known  ice-invasion,  during  which  the 
itic  and  Gulf  again  united  and  flowed  inland  20  to  500 

2  miles,  rising  100  to  700  feet  above  their  present 
level ;  finally  the  land  rose  so  high  as  to  permit 
the  excavation  of  the  submarine  channels  of  the 
Hudson,    the  Delaware,   the   Susquehanna,   the 

/  Potomac  and  the  Mississippi,  but  soon  subsided ; 
'  and   this   last   subsidence  of  the  southern  land 

seems  to  have  been  little  affected  by  the  later  ice 
invasions,  and  is  perhaps,  even  probably,  yet  in 
progress.  These  oscillations  are  represented 
graphically  in  the  accompanying  diagram  (figure 
3)  in  which  the  ordinates  represent  time,  the 
abscissas  continental  altitude.* 

On  comparing,  or  rather  contrasting,  these 
great  continental  oscillations  with  the  gentle 
modern  movement  along  the  shores  of  the  Gulf, 
they  are  found  to  diner  widely:  The  modern 
subsidence  appears  to  be  a  gentle  warping  in  such 
direction  as  to  deepen  the  basin  and  gradually 
submerge  its  perimeter ;  the  old  oscillations  were 
widespread  and  involved  both  sea  bottom  and 
continent.  The  modem  movement  is  slight  and 
commensurate  with  the  simple  and  uniform 
processes  of  degradation  and  sedimentation  ;  the 
J  I  ♦  old  movements  were  cataclysmic,  and  utterly 
transcended  the  influence  oi  rain  and  rivers — 
they  were  indeed  of  greater  amplitude  than  any 
other  continent  movements  of  southeastern  North 
America  since  the  close  of  the  Cretaceous. 

Now  the  modern  movements  not  only  yield  a 
quantitative  measure  of  isostacy  (with  a  "  prob- 
able error"  whose  value  is  indeterminate)  but 
give  a  rude  measure  of  the  efficiency  of  degrada- 
tional  transfer  of  matter  on  the  surface  of  the 
earth's  crust  in  producing  deformation ;  while  the 
movements  recorded  in  the  Columbia  and  Lafay- 
ette formations  were  of  so  much  greater  ampli- 
tude that  they  may  not  be  referred  to  a  similar 
cause.  In  this  province  as  in  others,  therefore, 
it  becomes  necessary  to  discriminate  the  two 
classes   of    earth   movements   elsewhere    called, 

ley  are  represented  phjsiographically  in  a  series  of  tectonic  maps  illustrat- 
paper  on  (he  Lafayette  formation  now  in  press  as  a  part  of  the  12th  Ann. 
J.  S.  Geol.  Survey  (pis.  xxxix-xli). 
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respectively,  antecedent  and  consequent — the  first  indadine 
those  grand  initial  movements  of  debatable  cause  by  which 
continents  are  lifted  and  sometimes  deformed  or  drowned,  and 
the  second  including  the  more  restricted  movements  due  to 
loading  and  unloading. 

So  the  modern  province  measures  the  competence  of  isos- 
tasy,  the  ancient  province  its  incompetence ;  the  modern  Gulf 
illustrates  the  magnitude,  the  ancient  Gulf  the  minitude,  of 
isostatic  deformation  as  a  means  in  continent  making. 

IV. 

Recurring  now  to  the  direct  and  indirect  measures  of  isostasy 
afforded  by  the  Gulf  of  Mexico  in  its  present  condition  and 
past  history,  it  may  confidently  be  concluded :  (1)  that  the  direct 
data  of  modern  times  indicate  that  deposition  and  isostatic  sub- 
sidence are  not  only  related  sequentially  but  that  under  favor- 
able conditions  they  are  quantitatively  equal  or  sub-equal;  (2) 
that  this  measure  of  isostasy  is  consistent  with  the  direct  data, 
both  quantitative  and  qualitative,  yielded  by  other  noteworthy 
deposition  tracts  of  the  globe ;  and  (3)  that  the  indirect  data 
afforded   by  the   Gulf  indicate  that  isostatic  (or  consequent) 
movement  alone  is  incompetent  to  explain  the  general  conti- 
nental oscillations  recorded  in  the  Neozoic  deposits.     Thus  the 
Gulf  of  Mexico  yields  both  maximum  and  minimum  measures 
of  isostasy. 


Art.  XXVI. — PrrfiJ^^tinrc  of  Vision  ;  by  Ervix   S.   Fkrky. 

(('oiitribiitions  from  the  riiysical  Laboratory  of  Cornell  University.  No.  10] 

EvKR  since  the  time  of  Aristotle,  it  has  been  known  that 
vvlien  tlie  eye  is  ini])ressed  by  light,  tlie  sensation  persists  even 
after  the  excitinij:  eanse  has  ceased  to  act.  In  his  work  ou 
dreams,  Aristotle  describes  duration  of  impressions  in  tlie 
retina  and  then  dednces  as  the  cause  of  dreams  a  similar  ])it- 
sistence  of  ini])ression  on  the  sensorium  of  things  experienced 
when  awake.  The  ancients  noticed  and  correctly  explaincJ 
many  opti(*al  illnsions  ])y  ])ersistence  of  vision  ;  but  it  was  not 
till  twenty  centuries  after  Aristotle  that  anyone  attempted  to 
measure  the  duration  oi  visual  im])ressi()n.  Segner"^  measured 
the  duration  of  the  light  impression  from  a  spark  of  a  rotatiniT 
stick  an<l  adopted  01  second  as  the  probable  value.     D'Arcv.f 

*  De  raritate  luininiH  (Uuttinp^eu,  1740.  j)p.  5-8). 

f  Mcmuire  ;?ur  la  dureo  de  la  sensation  de  la  vue  (1768). 
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Oavallo,*  and  Parrottf  have  since  fully  substantiated  this  value 
by  accurate  measurements.     Plateau, j:  in  1829,  found  that  when 
discs  divided  into  sectors  alternately  black  and  of  some  special 
color  were  rotated,  different  speeds  were  required  to  produce 
uniformity  of  tint,  depending  upon  the  color  of  the  pigment 
used  to  paint  the  alternate   sectors.     By  noting  the  angular 
size  of  the  black  and  the  colored  sectors  and  the  speed  just 
necessary  to  produce  uniformity  of  tint,  he  was  enabled  to  de- 
termine the  absolute  duration  of  the  maximum  impression  for 
the  different  colors  experimented  upon.     By  using  the  differ- 
ent discs  painted  in  sectors,  each  having  black  alternating  with 
some  one  color,  Plateau  obtained  the  following  values  for  the 
duration  of  impression  for  these  particular  colors : — 

White 0191  sees. 

Yellow 0-199     " 

Red 0-232     " 

Blue 0-295     " 

One  great  difficulty  with  this  method  is  that  since  no  pig- 
ment gives  a  pure  color  and  since  pigments  vary  so  widely  in 
tint,  the  results  obtained  hold  only  for  the  particular  speci- 
mens experimented  upon.  To  overcome  this  difficulty,  Dr.  E. 
L  Nichols§  einployed  a  revolving  disc  having  sectors  cut  out, 
in  front  of  the  slit  of  the  spectroscope,  and  defined  his  colors 
by  their  wave-lengths.  In  this  manner  by  suitably  choosing 
the  wave-lengths  used  for  observation,  a  curve  was  drawn 
showing  the  relation  between  the  duration  of  impression  and 
the  color  corresponding  to  any  wavelength. 

From  the  results  obtained  by  Plateau,  Emsmann,!  Nichols 
and  others,  it  wa&  reasoned  that  the  duration  of  retinal  impres- 
sions depends  upon  the  intensity  of  the  light-giving  source 
and  upon  the  color  of  the  light  entering  the  eye.  To  test  the 
validity  of  this  latter  proposition,  and  to  determine  the  princi- 
pal factors  producing  persistence  of  vision  has  been  the  object 
of  the  series  of  experiments  now  to  be  described. 

Apparatus  and  Method  of  Observation, 

The  plan  of  the  investigation  was  to  obtain  curves  showing 
the  relation  between  duration  of  the  retinal  impression  of  the 
normal  eye  and  wave-length  of  light  observed  for  spectra  of 

^  The  elements  of  natural  or  experimental  philosophy  (London,  1803),  vol.  iii, 
M35. 

f  iSntreti^ns  sur  la  physique  (Dorpat,  1819).  vol.  iii,  p.  235. 

t  Dissertation  sur  quelques  propriet^s  des  impressions  produites  par  la  lumidre 
^i'organs  de  la  vue.    (Liege,  1829). 

§0n  the  Duration  of  Color  Impressions  upon  the  Retina,  this  Journal,  vol. 
^ii.  p.  243. 

I  Ceber  die  Dauer  des  Licbteindrucks,  Pogg.  Ann.,  xci  (1854),  p.  611. 
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different  intensities;  to  compare  those  ourveH  wHIi  anotl 
allowing  the  distribution  of  luminosity  in  the  spectram  iiw 
and  finally  to  compare  similar  curves  obtained  from  dichr 
eyes. 

The  apparatne  for  the  meaaoreraeut  of  the  retinal  impress: 
coneiated  of  a  diffraction-grating  spectrometer;  a  secti>red  d 
that  conld  be  revolved  by  an  electric  motor,  iuterpoeed  betwi 
the  lamp  and  collimator;  and  a  chronograph  to  register  ac 
rately  the  mimlier  of  revolutions  of  the  disc.  The  soarec 
light  was  a  hnndred-volt  Edison  incandescent  lamp  stippl 
by  a  secondary  battery,  and  it  was  kept  at  constant  can 
power  by  varying  the  resistance  in  circuit  so  that  a  volt-me 
would  always  indicate  one  hundred  volts.  In  front  of  i 
lamj)  was  mounted  a  large  condensing  len»  for  the  parpose 
projecting  upon  the  collimator  slit  an  enlarged  image  of  i 
lilament.  In  this  way  a  uniform  distribution  of  light  was 
taineti  in  all  parts  of  the  tield  of  the  spectrometer.  At  I 
focus  of  the  eye-piece  of  the  telescope  was  placed  a  diaphraj 
eo  as  to  isolate  from  the  spectrum  the  single  color  it  was 
sired  to  observe.  The  disc  had  a  ninety-degree  sector  cut  i 
from  each  end  of  a  diameter  66  that  when  the  disc  revolv 
tliere  would  be  seen  in  the  telescope  equal  periods  of  iltumii 
tion  and  of  durVnesa.  The  speed  of  the  disc  was  controlled 
means  of  a  friction-brake  managed  by  the  observer.  On  t 
shaft  of  the  disc  was  mounted  a  contact  device  by  means 
which  an  electric  circuit  was  made  for  an  Instant  on  each  ret 
liition  of  the  disc.  This  current  was  conducted  to  the  prima 
iif  an  iiiiiiu-tiiiii  cuil  having'  the  sccondnry  sc  cutmecttii  ii' 
chronograph  cylinder  that  a  spark  would  puncture  a  blacken 
paper  on  the  cylinder  every  time  the  sectored  disc  revolve 
Pressing  against  the  chronograph  cylinder  was  a  stylus  electri 
ally  connected  to  the  escapement  of  a  standard  clock.  By  th 
device  the  number  of  revolutions  of  the  sectored  disc  in 
second  could  be  very  accurately  determined. 

When  taking  an  observation,  the  experimenter  sits  at  ti 
telescope  of  the  spectrometer  with  one  hand  on  the  bral 
regulating  the  speed  of  the  sectored  disc.  The  disc  is  lir 
made  to  revolve  so  slowly  that  the  tield  of  view  in  the  tcl 
scope  flickers,  and  then  the  speed  is  gradually  increased  till  tl 
point  is  reached  when  the  field  just  becomes  quiet ;  then  a  ki 
IS  pressed  and  an  assistant  rotates  the  chronograph  cylinder  f 
five  seconds  and  takes  the  record  of  the  speed  of  the  sector 
disc.  This  gives  the  duration  of  the  maximum  impression 
the  retina.  Such  a  short  time  of  observation  as  here  used  1 
many  manifest  advantages.  Even  when  the  disc  is  stea^Ji 
by  a  heavy  flywheel  as  was  done  in  these  experiments,  a 
rotated  by  a  powerful  motor,  the  speed  can  be  kept  const 
for  only  a  short  time.     Other  experjment«rs  have  taken  o 
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minate  observations  or  longer,  and  found  their  separate  obser- 
vations differing  by  a  large  per  cent  from  the  mean.  With 
this  apparatus  a  difference  of  more  than  three  per  cent  between 
two  observations  of  the  same  region  in  a  spectrum  of  ordinary 
brightness  is  rare.  The  observations  at  regions  of  low  bright- 
ness are  more  difScult. 

The  eye  was  snbjected  to  the  intermittent  light  for  as  short 
a  time  as  possible  so  as  to  avoid  the  secondary  colors  described 
by   Signor   Cintolesi.*      After   each    observation  on   colored 
light   the   eye   was   rested    by    looking   at   white    light   and 
the   succeeding  observation   was  invariably   made   on   a   dif- 
ferent color.     Thus  the  disproportionate  increase  of  sensitive- 
ness of  the  eye  for  more  refrangible  rays  due  to  adaptation,  as 
noticed  by  M.  H.  Parinaud,t  was  guarded  against.     These  ob- 
servations were  made  in  a  room  with  blackened   walls  and 
every  attempt  was  made  to  exclude  extraneous  light.     It  was 
al80  soon  found  that  precautions  were  necessary  to  eliminate 
the  slight  tremor  produced  by  the  motor  and  the  disc,  because 
a  vibration  of  the  lamp  or  of  the  diffraction-grating  produces 
a  flicker  in  the  field  of  view  that  cannot  be  distinguished  from 
the  appearance  produced  by  a  too  slow  rotation  of  the  sectored 
disc. 


Duration  of  Light  Impressions  on  the  Normal  Retina. 

To  represent  the  normal  eye,  three  persons  were  selected  of 
about  the  same  age,  whose  eyes  were  free  from  Daltonism,  astig- 
matism, near- and  far-sightedness  and  from  such  abnormal  color 
sensations  as  have  been  recently  observed  by  Captain  AbneyJ 
in  confirmed  users  of  narcotics  and  stimulants.  How  very 
closely  the  duration  of  retinal  impression  for  each  part  of  the 
spectrum  agreed  for  these  cases  is  shown  in  the  following  table : 


; 

Table  I. 

Wave-lengtb. 

Duration  of  retinal  impression  in  seconds. 
E.  S.  F.                G.  W.  B.                E.  F.  N. 

•435 

•0357                   ^035  7                    0333 

•480 

•0250                   •0263 

•510 

•0200                  •0186                  -0200 

;  •                -540 

•0156                   -0152 

•570 

•0139                   -0139                   -0139 

•589 

•0132                   -0128                   ^0128 

•615 

•0141                   ^0142 

•645 

•0156                    0152 

•684 

•0192                   -0179                  ^0192 

'Aoo.  di  Optatmol.  II  and  III,  1879. 

k  De  I'intensit^  lummetise  des  couleurs  spectrales,  Comptes  Rendus,  zciz,  p.  937. 
I  On  the  Examination  for  Color  of  cases  of  Tobacco  Scotoma,  and  of  Abnormal 
CSnlor-bliDdnesa,  Roy.  Soc.  Proc,  xlix  (1891),  p.  491. 
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The  valaes  ^iven  in  tliia  table  as  well  as  in  all  tbe  succeeding 
tables  are  not  averages  of  a  number  of  observations,  but  are 
the  values  of  a  bingio  set  of  readings.  Tbe  third  and  founb 
columns  are  tlie  values  obtained  by  two  observers  whu  had 
only  used  the  apparatus  for  about  un  hour,  and  are  hence  less 
rehable  than  the  values  in  the  second  column  which  have  lieen 
many  times  repeated.  The  curve  platte<i  from  the  valnt?s  in 
the  second  column  is  shown  in  fi^.  t,  curve  S. 
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The  fact  was  noticed  witli  some  surprise  that  on  different 
days  the  observations  yv%K  nearly  identical,  if  the  eyes  had  n«l 
been  strained  or  made  more  than   normally  sensitive  by  K- 
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maining  for  a  long  time  in  a  dark  room.     And  it  was  also 
foand  that  the  sensitiveness  of  the  eye  might  have  changed 
by  several  per  cent  without  producing  any  noticeable  differ- 
ence in  the  duration  of  the  retinal  impression.     This  shows 
two  things :  first,  that  the  personal  equation,  or  more  properly 
the  personal  error,  in  this  sort  of  investigation  is  less  formid- 
able than  ordinarily  supposed ;  and  secondly  that  a  compara- 
tively large  change  of  sensitiveness  of  the  eye  is  required  to 
produce   a   marked   change   in   the   duration   of    the   retinal 
impression. 

An  examination  of  this  curve  (8,  fig.  1)  shows  that  the 
retinal  persistence  is  very  different  for  different  parts  of  the 
spectrum.  As  in  the  curves  published  by  Dr.  Nichols,  in  the 
paper  already  cited,  the  minimum  duration  is  near  the  D  line, 
and  from  this  point  the  duration  steadily  increases  toward  each 
end  of  the  spectrum.  The  observations  were  carried  relatively 
farther  into  tlie  blue  than  in  the  red,  which  largely  accounts 
for  the  apparent  unsymmetrical  form  of  the  curve.  The  curve 
is  of  the  general  form  of  a  parabola  with  its  apex  approxi- 
mately at  the  D  line  and  the  two  branches  becoming  parallel 
to  the  ordinates  of  the  ends  of  the  spectrum. 


Duration  of  Retinal  Impression  for  light  of  different  Intensities, 

In  the  early  part  of  this  century  Plateau*  noticed  that  there 
was  an  intimate  connection  between  duration  of  retinal  im- 
pressions and  the  intensity  of  the  light  producing  them.  One 
of  the  principal  objects  of  this  investigation  was  to  determine 
the  law  connecting  these  quantities.  To  do  this,  values  of 
duration  of  retinal  impression  were  obtained  for  monochro- 
matic light  of  different  intensities.  The  light  intensity  was 
varied  by  changing  the  width  of  the  collimator  slit  according 
to  Vierordt's  method.  The  plan  followed  was  to  obtain  a 
spectrum  of  a  certain  brightness,  and  measure  the  duration  of 
^tinal  impression  at  sufficient  points  in  it  to  be  able  to  plat  a 
curve  showing  the  relation  between  the  retinal  persistence  and 
Wave-length.  Then  changing  the  width  of  the  collimator  slit 
j>J  a  definite  amount,  so  as  to  obtain  a  spectrum  of  a  brightness 
iu  known  proportion  to  that  of  the  preceding  spectrum,  to 
determine  the  duration  of  impression  tor  the  same  points  as 
l>efore.  In  this  way  the  following  values  were  obtained  for 
the  duration  of  retinal  impression  of  monochromatic  light  of 
different  color  and  different  intensity. 

^Dissertation  flur  quelque  propriet^s  des  impressions  produites  par  la  lumi^re 
far  l^organs  de  la  vue.    (Liege  1829.) 
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Duration  of  retinal  impreBsions  for  monoctiromatic  ligl 
different  wave-length,  of  retutive  briglitneee  from  1  to  ii. 


These  values  are  platted  in  the  curves  sliown  in  tig.  I, 
numbere  affixed  to  the  curves  indicate  the  relative  brigh 
of  the  spectra. 

These  curves  show  that  with  increased  brightness  the  vah 
retinal  presietence  do  not  sliift  their  positions  relative  to  f 
length ;  that  as  the  brightness  of  the  spectrnm  increases,  the 
ation  becomes  less  in  anch  a  manner  that  each  point  in  the  ( 
is  shifted  downward  by  a  nearly  constant  amount ;  and  tha 
distance  separating  the  different  curves  has  a  definite  rel 
to  the  differenee  of  the  tight  intensity  of  the  spectra 
which  the  curves  were  obtained. 

If  the  values  be  noticed  for  the  duration  of  impression  ' 
the  curves,  corresponding  to  any  single  wave-length,  it  wi 
perceived  that  the  following  statement  is  approximately  i 
as  the  intensity  of  lit;ht  increases  in  ^'eoiix'tricat  ratiu. 
duration  of  the  corresponding  retinal  impression  decreas' 
arithmetical  ratio.  This  statement  can  be  concisely  expn 
in  the  form  of  the  approximate  empirical  law — the  differ 
of  the  duration  of  two  retinal  impressions  produced  by 
lights  of  the  same  color,  is  inversely  proportional  to 
logarithm  of  the  quotient  of  the  respective  luminous  ii 
sides. 

The  value  obtained  for  the  ends  of  the  spectrum  de 
from  this  law,  hut  this  is  probably  due  to  the  uncertain 
the  observations  in  these  faintly  illuminated  regions, 
relation  between  duration  and  light  intensity,  thus  far  • 
simply  with  lights  of  the  samo  color.  The  next  object  ol 
experiment  was  to  test  the  generality  of  this  law,  by  deter 
ing  if  it  would  hold  for  lights  of  different  color. 

Relntion    between    Z.umiiiosili/    and   Duration    of    Retin<d 
pres^ion. 
By  luminosity  is  meant  the  physiological  effect  of  light  ■ 
the  eye  by  means  of  which  vision  is  accomplished.     The  i 
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are  of  luminofiity  ie  the  amount  of  liglit  neceBsarr  to  enable  one 
to  clearly  distingDisli  objects.  The  spectra  of  varioue  light 
Bonrces  are  so  very  different  in  the  distribution  of  laminosity, 
that  it  was  considered  necessary  to  determine  these  values  for 
the  particular  lamp  used  in  these  experiments. 
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t*inrilMit[oD  ol  Luminosity  in  IS^ondle  power,  lOO-voIt  Kdieon  IncaiidMCCiit  Lamp 

The  method  employed  was  to  insert  an  object  into  the  eye 
piece  of  the  spectrometer  and  to  reduce  the  aperture  of  the 
objective  of  the  observing  telescope  by  means  of  a  line  microra- 
tter  slit  till  the  object  was  jnst  visible.  The  reciprocals  of 
tte  micrometer  slit  areas  ^ve  the  relative  luminosities  of  the 
different  parts  of  the  spectrum.  This  method  is  less  conve- 
nient and  possibly  less  accurate  than  the  Rumford  photometer 
method  used  by  Abney  and  Festing*  but  it  gave  a  probable 
error  of  only  about  iive  per  cent. 


CO  of  a  IC  C.  P.  100  Tolt  KdiBOD 


Table  III. 

Witribution  ot 

Luminoaity 

n  normal  spect 

Pig.  -i. 

Wave- 

Heltttive 

kngth. 

luminoaity 

■435 

1-86 

■455 

3-06 

■480 

■5111 

1.1-89 
28-28 

■ft40 

60-00 

100-00 

83-:i5 
.')4-37 


*Calour  Photometry,  Tcbdb.  Roy.  Soc.  LoniL,  18S8,  p,  S47. 
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The  form  of  thie  curve  fiu^:eated  tho  poasiliJlity  of  lumin- 
osity bearing  a  reciprocul  relation  tu  duration  of  impression. 
This  idea  was  tested  in  two  ways.  First,  one  particnlar  t^od 
in  the  Bpectrum  was  chosen  and  its  luminosity  varied  so  as  to 
be  efjual  to  tlie  Inminoaity  of  different  parte  of  the  normil 
Bpectrnm  as  given  in  Table  HI :  the  duration  of  retinul 
impresfiion  was  then  measured  for  these  luminoBities  and  gtve 
the  following  values : 

T*»LH  IV, 
Ountlon  of  Imprecsion  for  a  alngle  color  hivln;;  Its  liuDinneii;  varied  muId 
equal  the  luminosities  of  different  \<an»  of  ilie  uorranl  spectrum. 

CorrefifKJDrlJnjf  to  Oiveii  durstioB  o( 

BelatlT«  lamiiunit;.  wave-loogth.  impreaaiuD  in  aMODdi 

1-86  '4.1d  -(I3»3 

13-e»  -41^11  -033? 

3a-S8  '&I0  -(I2U0 

60-00  -540  -tiiei 

M'ZS  '570  -0148 

100-00  ■589  -OlSB 

83-^5  015  -0143 

64-37  -0+5  -0161 

11-16  ■6«4  -OlitM 

Thu  luminosities  taken  in  this  table  are  the  same  as  in  tbe 
noniial  «pcctnim  that  gave  the  values  in  tho  fifth  column. 
Table  II.  A  comparison  of  the  third  column,  Table  IV,  ano 
the  fifth  column.  Table  II,  indicates  that  luminosity  ie  the 
important  factor  iti  persifrtence  of  vision.  To  farther  testtbis 
deduction,  observations  were  made  \m  the  duration  of  impres- 
sion  for  different  colors  of  llic  tionna!  sjieelruni,  wJien  eaoii 
color  was  brought  to  the  same  luminosity.  If  the  above 
deduction  is  valid,  then  if  each  color  \e  brought  to  the  same 
absolute  luminosity,  the  retinal  persistence  of  each  color  will 
give  the  same  value.  The  values  obtained  are  given  below. 
Table  V. 
Duration  of  inipresBion  when  each  spectral  color  is  brought  to  th?  9iiH 
luminosity. 

Wave-length,  Duration  in  seconds, 

'510  -0151 

540  -11147 

■570  -0149 

•689  -0147 

-615  -0147 

-045  -0147 

Dimition   of  JAijht  hnprp.nsiona  on   Color-Blind  Eyes. 

As  a  still  farther  test  of  the  theory  that  retinal  pereistence 

is  pj-acticaily  independent  of   color  but   depends   principally 
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[K)ii  Inminoeity,  dnration  of  impression  curves  were  obtained 
om  dichroic  eyes.  It  is  well  known  that  a  color-blind  person 
>t  only  lacks  one  of  the  fundamental  color  sensations  but  also 
lat  he  perceives  other  colors  differently  from  the  normal, 
or  instance,  according  to  Holnigren,*  in  the  spectrum  as  seen 
Y  red-blind  persons  yellow  begins  at  about  line  C  and  extends 
a  orange,  yellow  and  yellowish  green  and  ends  near  F.  At 
lis  neutral  zone  the  blue  begins  and  extends  to  the  end  of  the 
ormal  spectrum.  If  now  duration  of  retinal  impression  does 
epend  m  any  way  upon  color,  one  would  expect  that  the 
urves  obtained  from  colorblind  persons  woula  differ  from 
hose  of  the  normal  in  a  way  that  could  not  be  explained  by 
K)Dsiderations  of  luminosity  alone.  An  examination  of  about 
wo  hundred  members  of  a  large  class  in  physics,  by  Holm- 
i^ren's  worsted  method  furnished  eight  cases  of  color-blindness, 
)ne  being  red-blind,  the  remainder  being  green-blind.  The 
proportion  of  color-blind  in  even  this  limited  number  was 
about  the  same  as  found  by  Dr.  Jeffriesf  from  the  examin- 
ation of  175,000  persons. 

These  color-blind  students  were  examined  for  the  neutral 
point  by  the  method  of  A.  Koenig:j:  which  consists  in  deter- 
mining the  color  that  they  will  match  with  white  or  gray.  A 
prism  having  one  face  coated  with  magnesium  white  was  so 
mounted  in  the  Helmholtz  color-mixing  spectroscope,  that  a 
ray  of  light  from  the  collimator  passing  through  the  prism 
would  be  dispersed  into  a  spectrum,  while  a  ray  from  a  second 
source  falling  on  the  white  surface  would  be  reflected  directly 
into  the  telescope.  If  now  the  eye- piece  of  the  telescope  be 
removed,  one-half  the  field  of  view  will  be  filled  with  color  and 
the  other  half  with  pure  white  or  gray.  With  this  arrange- 
ment a  color-blind  person  will  very  accurately  set  the  instru- 
ment to  the  exact  point  where  the  two  halves  of  the  field  of 
view  appear  of  exactly  the  same  color  to  him. 

After  their  neutral  points  had  been  found  in  this  manner, 
these  gentlemen  very  kindly  offered  to  spend  the  time  neces- 
^  to  obtain  curves  for  their  retinal  persistence. 

Mr.  W.  C.  W.  is  a  marked  case  of  inherited  blindness  to 
'"ed.  His  father,  uncles  and  brothers  are  similarly  affticted. 
The  red  end  of  his  spectrum  ends  at  about  '688  ^,  and  his  neu- 
ral point  is  at  '510  1     His  eyes  are  otherwise  normal. 

Mr.  H.  S.  has  inherited  green-blindness  from  his  maternal^ 
elatives.  Daltonism  is  so  very  rare  among  women  that  his 
ase  was  studied  with  great  interest.     He  is  making  a  specialty 

•How  do  the  color-blind  see  the  different  colors?    Proc.  Roy.  Soc.  Lond., 
txi(I8S0X  p.  302. 

f3'95  per  cent  among  males.     ''Color  BUndneBs:  its  dangers  and  detection.*' 
oston:   1879.) 
^  Zur  Kentniss  dichromatischer  Farbensysteme.   Wied.  Ann ,  zxii  (1 884),  p.  567. 
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of  botany  aod  Unde  no  great  inconTenience  in  any  of  hu 
Btudtee  except  cbemietry.  This  Bubject  he  was  obliged  to  <&s- 
coDtinue  ae  he  could  Dot  diBtiugDiBii  the  characteristic  colon 
of  the  reactions.  Hia  neatral  point  was  sharply  located  it 
'516  <l.     This  gentleman  wore  glaaseB  for  near-sightedness. 


Tlif 
their  fii 
at  ■r.17 
Mr.  II. 

for  rlic 
Messrs. 


THiration  of  ImiircHxion  for  ■iifftrent  eolors  nf  red-dliiid  Kyo. 

iitiicr  uhservcrs  were  TH)t  aware  uf  any  s-imilar  cases  in 
ii!iilii-s.  The  neutral  ]H.int  of  Mr.  G.  A.  \V.  was  ioc.itd 
A:  Mr.  W.  M.  iit  ■r.Ui.^i/:  Mr.  L  M.  W.  at  'ois;.: 
r.  II.  at  -Mil  >!.  The\-are  all  i;reeii-l.!iiid  and  th-eir 
ijiciir  to  be  otherwise  |)erfect  with  the  excuption  of 
.  M.,  who  is  II ear-si j,'h ted.  Tlieir  values  of  duration  of 
iion  arc  ^iveii  in  tlie  annexed  table, 
values  ,,f  Mr,  W.  0.  W.  are  platted  in  tlie  full  eiirve 
the  broken  eurve  beinjr  ilie  cnrve  of  the  nonnal  eye 
same  luiglitnet^s  of  sj)e('truin.  The  values  obtained  bv 
W.   M.,   11.   C.  11.,  aii.l  L.   M.  W.  are  platted  in  the 
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s  in  fi^.  4.  The  normal  curves  are  drawn  in  as  before  to 
the  relation  between  the  normal  and  color-blind  eyes  for 
tence  of  vision. 

Tablb  VI. 
Duration  of  Retinal  Impression  for  Dichroic  Eyes, 
mbera  at  tlie  head  of  each  column  indicate  the  brightness  of  the  spectrum.) 


Dm 

ration  of  Impreasion  in  Seconds. 
Oreen  Blind. 

Red  Blind. 

Mr.  H.  S. 

1 
Mr.  W.  C.  WJ 

1 

'  Mr.  G.  A.  W.  ,    Mr.  W.  M. 

Mr.  H.  C.  H. 

Mr.L.M.  W. 

1 

4. 

8. 

4.                     2.                     4. 

8. 

0294 

•0357 

0227 

1       0227 

•  «  <•  w 

•0208 

0172 

1      -0200 

0161 

•0175 

0156 

•0161 

0152 

•0143 

0179 

•0154 

0217 

1      -0175 

0210 

«  •  •  M 

•0357 

•0278 

•0333 

•0227 

•0263 

•0200 

•0238       1      • 

•0185 

•0222 

•0179 

•0208 

•0161 

•0192       1 

•0152 

•0169 

•0156       ' 

•0175 

•0167 

•0192 

•0227 

•0238 

•0294 
•0217 
•0208 
•0200 
•0193 
•0166 
•0151 
•0161 
•0172 
•0217 


•0357 
•0250 
•0192 
•0185 
•0172 
•0156 
•0143 
•0125 
•014H 
•0166 
•0179 


ise  curves  show  that  light  impressions  of  red  last  much 
•  on  the  retina  of  red-blind  persons  than  on  the  normal, 
7  somewhat  longer  than  normal  and  the  other  colors  about 
rae  as  normal.  W'ith  green-blind  persons,  however,  green 
Bsions  persist  much  lon^r  than  normal,  red  a  little  less 
lormal  and  the  other  colors  the  same  as  normal.   • 

explanation  of  the  difference  between  the  duration 
?  of  dichroic  and  normal  eyes  was  found  in  the  difference 

sensitiveness  for  different  colors  of  the  dichroic  from  the 
il  eye.  Messrs.  Mace  and  Nicati*  from  the  examina- 
)f  a  number  of  dichroic  eyes  obtained  luminosity  values 

indicate,  first,  that  red-blind  people  perceive  red  weakly, 
7  nearly  normal,  green  better  than  normal ;  second,  that 
een  blind  have  better  perception  than  normal  for  red, 
feeble,  yellow  and  blue  normal.  A  later  determination 
yjiej  ana  Festingf  confirmed  their  conclusions.  In  this 
iment  luminosity  values  were  also  obtained  from  Mr.  W. 

which  agree  with  the  two  determinations  just  cited, 
hows  that  if  account  be  taken  of  the  difference  between 
Qsitiveness  of  the  normal  and  the  dichroic  eye  for  different 

ia  distribution  de  la  lumidre  dans  le  spectre  solaire  (spectre  des  Daltoniens). 

I  Rendus,  zci,  p.  1078. 

ror  Photometry.    Trans.  Roy.  Soc.  Lond.,  1888,  p.  547. 
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regions  of  the  apeetrmn,  that  the  curves  of  retinal  pereistenwl 
of  tlie  dichroic  and  the  normal  eye  will  he  of  the  earao  form. 

This  appears  to  make  the  evidence  conclusive  that  ( 
most  a  slight  factor  in  retinaJ  persistence,  and  that  hiiuiiiofitj  | 
is  the  all-iinportant  function.  , 
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Durnlion  of  Inipreaaion  of  0reen-blii>d  Eye. 

The  law  previously  derived  connecting  duration  of  iiiipree- 
eion  and  Inniinosity  of  lights  of  the  same  color  can  now  Iw 
made  general   and  independent  of  color.     This  approsimitfl 
Binpiricid  law  can  now  be  expressed  in  the  concise  form — dnn-  i 
titon  lyf  rftiiKtl   iiiipri'SKion    is   iivergehj  projwrtional  to  tif   j 
liMj'iritlun-  'if  thi'  /'iiititt'-siti/,  w  in  the  form  of  the  ecpiatioii 

It  is  interesting  to  note  the  siinikrity  of  this  with  Fechner'^ 

law*  eonnecting  tlic  intensity  of  stirnnlus  and  the  sensatio'^ 

•  Hevision  <let  I!iiiip[piiiikle  der  Psycho  pi  lysik  (f^ipsig),  p.  184, 
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rodnced.  Fechner's  law  was  aleo  empirically  deduced  and 
as  aince  been  coniirmed,  for  mean  valaes,  by  Dalbouf's 
lemoir  to  the  Belgian  Academy.  It  can  be  expressed  in  the 
onn 

8  =  k^'  log  X 

vhere  s  denotes  intensity  of  sensation  and  x  intensity  of  stim- 
iks.  In  this  particular  case  the  stimulus  is  luminosity,  hence 
we  have 

vhich  means  simply  that  retinal  persistence  varies  inversely  as 
the  intensity  of  the  sensation  producing  it.  This  seems  to  agree 
vith  ordinary  experience  and  thus  to  confirm  the  validity  of 
the  law  connecting  retinal  persistence  and  luminosity. 

Effect  of  Age  upon  Retinal  Persistence, 

It  was  thought  that  possibly  as  a  person  advanced  in  years, 
the  retina  might  become  selective  in  its  sensitiveness  for  differ- 
ent colors  and  that  therefore  the  curve  of  duration  of  retinal 
impression  might  be  different  from  that  of  a  younger  person. 
Two  professors  in  the  University  kindly  permitted  their  eyes 
to  be  tested  for  retinal  persistence  and  the  values  obtained  are 
given  in  the  annexed  table. 


Tablk  VII. 

Wave-length. 

Duration  of  retinal 

impression  in  seconds, 

X 

Prof.  S.  G.  W. 

Prof.  E.  L.  N. 

•435 

•0417 

•0417 

•480 

•03  3  a 

•0357 

•510 

•0-2 1 7 

•0227 

•540 

•0179 

•0185 

•570 

•0166 

•0161 

•589 

•0147 

•0155 

•615 

•0156 

•0166 

•645 

•0185 

•0 1 92 

•684 

•0227 

•0227 

These  values  platted  in  fig.  5  seem  to  indicate  that  for  both 
^f,  Nichols  and  Prof.  Williams  the  more  refrangible  part  of 
the  spectrum  is  proportionately  less  luminous  than  to  the  eyes 
asenmed  to  be  normal.  But  the  violet  end  of  the  spectrum  is 
80  feeble  that  observations  in  it  are  very  diflBcult,  and  cer- 
lainty  cannot  be  obtained  without  more  extended  observa- 
ions.  If  anything  can  be  deduced  from  so  few  observations, 
bese  carves  show  to  a  high  degree  of  probability  that  age  in- 
reascB  retinal  persistence  to  a  considerable  amount  ana  that 
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the  ineieaae  is  nearly  uniform  for  all  wave-leng^tlie.  This  fact 
would  be  natorally  expected,  for  it  Is  well  known  that  age  de- 
creases retinal  sensitiveDess  ;  and  as  the  sensitiveoess  decrease 
the  action  of  the  retina  would  be  less  iinick  either  to  receive 
an  irupreueion  or  to  dismiss  one. 


Sumntari/  of  Results. 

I.  Tlie  duration  of  retinal  impression  is  very  different  for 
different  regions  in  the  spectriira,  \xa.\m  at  a  minimum  valaeat 
the  region  of  maximum  luminosity  ana  gradually  increasing  to 
maximum  values  at  the  ends  of  the  epeetrum. 

II.  If  the  luiniuosity  of  any  region  in  tbu  spectrum  be  50 
cjianired  tliat  the  viiJues  vary  in  Lri'orii.^trical  ratio,  tlit^  fnrre- 
sponding  values  of  duration  of  impression  will  approximately 
vary  in  arithmetical  ratio  for  regions  of  ordinary  brightnees. 

Ill  Color  has,  at  most,  very  slight  influence  upon  retinil 
persistence.  Luminosity, — including  the  brightness  of  the  light 
and  the  retinal  sensitivenees — is  the  all-important  factor. 
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ly.  For  ordinary  valnes  the  following  empirical  law  is  ap- 
foximately  true — Retinal  persistence  varies  inversely  as  the 
garUhni  of  the  luminosity, 

V.  The  values  of  retinal  persistence  in  dichroic  eyes  is  very 
ifferent  than  in  normal  eyes.  For  instance,  light  impressions 
F  red  last  much  longer  on  the  retina  of  red-blind  persons  than 
Q  the  normal,  yellow  somewhat  longer  than  normal  and  the 
ther  colors  about  the  same  as  normal.  With  green-blind 
ersons,  green  impressions  persist  much  longer  than  normal, 
ed  a  little  less  than  normal  and  the  other  colors  the  same  as 
lormal. 

VI.  The  very  marked  departure  from  the  normal  values  of 
retinal  persistence  in  dichroic  eyes  for  the  region  of  their 
lacking  color  sensation,  affords  a  precise  and  convenient  method 
of  determining  color-blindness. 

VII.  Withm  the  range  of  these  experiments,  it  seems  prob- 
able to  a  high  degree  that  age  increases  the  duration  of  retinal 
impressions  to  a  nearly  equal  amount  in  all  regions  of  the 
spectram. 

In  conclusion  I  wish  to  express  my  obligation  to  Mr.  E. 
Gordon  Merritt  for  his  very  valuable  assistance  in  taking  ob- 
servations in  these  experiments. 

Physical  Laboratory  of  Cornell  University,  June,  1892. 


Abt.  XXVII. — Kilauea  in  April,  1892 ;  by  Kev.  Sereno  E. 

Bishop. 

[Communication  to  J.  D.  Dana,  dated  Honolulu,  April,  30,  1892.] 

On  a  visit,  a  little  over  a  fortnight  since  to  the  volcano  of 
Kilauea,  the  condition  of  Halemaumau  crater  was  found  to  be 
greatly  changed  from  that  in  1887,  as  described  in  your 
"Characteristics  of  Volcanoes."  and  which  I  had  the  satisfac- 
tion of  observing  in  your  company.  It  also  differs  so  greatly 
from  what  has  been  hitherto  put  upon  record,  that  I  venture 
to  send  you  the  particulars,  with  some  illustrations  for  such  use 
MyOn  may  choose. 

At  the  collapse  of  the  crater  on  March  5,  1891,  precisely 
five  years  after  the  previous  collapse  in  1886,  a  deep  open  pit 
was  left  as  before.  The  great  mound*  had  entirely  disappeared 
bto  the  volcanic  depths.  The  lava  speedily  reappeared  with- 
Mit  apparent  obstruction,  and  has  since  tnen  risen  to  within 
iboat  300  feet  of  the  upper  rim  of  Halemaumau,  where  it 
'ormed  a  floor  of  remarkable  smoothness.    Perhaps  two  months 

'The  mound  referred  to  is  the  '*  debria-oone  "  which  occupied  the  interior  of 
akmaanuui,  the  pit  in  the  southwest  part  of  Kilauea. 
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ago  it  began  to  subside,  and  when  I  last  saw  it,  it  was  40  feet 
below  the  level  of  the  floor,  having  sunk  about  ten  feet  during 
five  days.  The  diameter  of  the  molten  lake  is  jnst  aboat  900 
feet,  and  that  of  the  floor  around  it  averages  1500  feet. 

I. 


B 


9W 


Vertical  Section  of  Halemaumau,  April  13,  1892. 

2. 


(Troiind-plan  of  Hrflemaiimau  in  the  southwest  part  of  Kilauea. 

FiiT.  1  ii^  a  grouTid  plan  of  Haleinaiimau,  and  2,  a  section  of 
it,  as  it  existed  A}>ril  13,  1892.  In  each,  A  is  the  Fire-lake  of 
tliat  date  IHiO  feet  in  diameter  ;  P.H,  the  level  floor  of  blackisb 
lava  around  the  lake,  about  4-0  feet  above  the  surface  of  the 
lake,  and  1500  feet  in  diameter:  CO,  the  talus-slope  makinf: 
the  chief  j)art  of  the  sides  of  the  pit;  D,  section  of  the  outer 
rim  uf  iralemaumau.  In  the  ground-plan,  fig.  2,  the  outer 
dotted  \\\\K\  is  the  outline  of  1886,  as  given  in  Dodge's  map; 
I)J)I),  depress(»<l  areas  of  the  pit  of  that  date,  filled  up  by  over- 
flows of  ISSy,  ISIM),  40  feet  alcove  the  former  level  ;  E,  section 
of  former  margin  of  the  pit  still  visible  above  recent  over- 
Hows  ;   F,  f(»rm(M*  ])osition  of  Dana  Lake. 

The  activity  of  the  lake,  relatively  to  its  area,  is  somewhat 
less  than   that  of   Dana   Lake    as  you   witnessed  it,  althougb 
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stually  several  times  as  great,  and  exhibiting  larger  single 
"eas  of  violent  activity.  It  differs  materially  from  Dana  Lake 
I  the  distribution  of  its  action.  The  general  movement  of 
le  thin  crust  is  steadily  from  the  periphery  toward  the  center, 
here  there  is  the  greatest  action.  Long  seams  (fiery  cracks) 
pen  near  the  outer  edge,  and  draw  inward,  crinkling  up  as 
ley  progress,  until  they  become  interlaced.  An  open  area  of 
erhaps  two  acres  at  the  center  is  occupied  by  a  strong  current 
curing  westward,  filled  with  fragments  of  crust  and  exhibit- 
iig  sparkles  of  fire  with  a  multitude  of  small  jets  and  sprays. 
Phis  current  disappears  under  the  crust  that  extends  out  from 
he  west  side.  !Near  the  eastern  edge  of  this  central  area  there 
8  a  powerful  fountain  which  did  not  intermit  its  action  a  single 
minute  during  several  visits  from  the  8th  to  the  13th.  Its 
movement  was  pulsating;  about  every  twenty  seconds  it 
welled  up  in  a  round  billow  varying  in  diameter  from  30  to  50 
feet,  and  from  20  to  35  feet  high.  There  was  no  explosive 
iction,  or  spray,  except  what  was  caused  by  the  falling  back 
)f  the  upheaved  fluid. 

A  similar  but  smaller  fountain  played  nearer  the  bank  at  the 
outh.  This,  however,  at  my  last  visit,  had  exchanged  its  action 
or  a  more  violent  but  intermittent  one.  Occasionally,  and 
nee  for  twenty  minutes  continuously,  an  area  of  150x40  feet 
'as  occupied  by  a  violently  tossing  mass  of  surges,  from  15  to 
5  feet  high,  the  er^tire  summit  of  which  was  feathery  with 
pray.  A  similar  but  smaller  area  was  several  times  in  like 
etion  northwest  of  the  center. 

The  great  regurgitating  and  explosive  fountains  under  the 
ttle  cliffs,  which  made  the  chief  displays  in  Dana  Lake,  were 
iarccly  to  be  found  here.  A  slight  occasional  action  of  that 
jrt  was  noticed  at  two  points  at  the  northwest  edge. 

The  remarkable  fact  is  here  to  be  noted,  that  no  vapor 
onid  be  distinguished  without  careful  scrutiny.  From  the 
olcano  House,  a  column  of  very  faint  blue  haze  could  be 
bserved  ascending,  having  the  diameter  of  the  lake.  In  the 
ight,  this  colunm  of  vapor,  illuminated  by  the  fires,  was  more 
iscemible.  But  from  the  edge  of  the  crater,  close  at  hand, 
could  barely  be  distinguished,  even  by  night.  I  spent  many 
oure  on  different  sides  of  the  crater,  once  walking  around  it, 
at  never  even  perceived  any  odor  of  fumes  when  at  the  edge, 
thoDgh  at  some  distance  from  it  and  all  over  the  floor  of 
olaoea  many  crevices  were  emitting  sulphurous  fumes.  At 
le  present  time,  the  lava  seems  to  have  no  contact  with  old 
»ckB  near  the  surface,  while  the  ducts  below  are  doubtless 
»vily  glazed,  like  those  we  saw  at  the  bottom  of  "  New 
ike  "  in  '87. 

The  top  of  Halemaumau  crater  has  been  found  by  aneroid 
sasnrement  to  be  from  30  to  50  feet  higher  than  in  1886. 

Ljf.  Jour.  Sol— Tsiud  Sibirs,  Vol.  XLIY,  No.  261.'Septehbeb,  1892. 
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There  is  every  appearance  that  extensive  overflows  Imvc  taken 
place  over  every  part  of  tlie  rim  since  you  were  there,  aiiri 
there  oxa  fw  un  noiibt  of  it  fjreut  acciimtilation  of  matenal. 
The  "New  Lake"  and  tlie  intervetiinp  dcprcseion  are  totally 
ohliterati-d.  Thu  high  promontory  west  of  "New  Lake"  is 
Io»t  h«iivath  the  flood.  The  great  deproRsinn  at  the  south  is 
alflo  filled,  Ihouf^h  not  quite  to  tho  general  level.  The  conical 
form  of  Ilaicmaiimaii  has  hecoinc  very  dit-tinct,  and  ie  Htrongly 
appreciated  Id  the  a«^ent  to  it  on  nearly  every  »ide. 

The  volcano  will  boou  bo  very  accessible  for  Innriste,  The 
Uilo  road  ie  perfectly  graded  and  rolled,  and  will  probtibly  b« 
completed  in  a  few  moiitliB,  wlieti  the  drive  to  Kilanea  will  be 
one  wholly  of  pleasure.  The  new  hotel  is  n  superior  one, 
with  lodgings  ror  70  guests.  Plana  are  in  progress  for  im- 
proving the  walk  over  the  lava.  The  whole  is  now  in  the 
hands  of  an  active  and  enterprising  corporation. 


Art,    XSyi\\.—The  Demnian  System  of  EaO^-n  Penm^  \ 
rania;  by  Charles  S.  Phomkr, 

[Publislied  by  periuiiuiiou  ol  Ihu  Dirwlor  ol  llie  ['.  S.  Gtalog^ciLl  Sumr,] 

DuaiN'Q  the  enmrners  of  1884  and  ISyO  personal  field  work 
in  southeastern  New  Tork.  taken  in  counoction  with  an  opjwr- 
tnnity  to  carefully  study  the  T)evonian  exiHwnres  of  this  5«- 
tioM  anil  those  of  eastern  Pennsylvania  in  tlie  snnimer  of  1891, 
is  believed  to  have  fnrnished  important  data  toward  the- proper 
correlation  of  this  system  with  the  typical  Devonian  section  of 
central  New  York.  Numerous  sections  crossing  this  series  of 
rocks,  with  quite  a  collection  of  fossils,  have  been  made  in  the 
region  between  the  Lehigh  river  in  Pennsylvania  and  tbe 
northern  part  of  Green  county,  New  York.  A  single  section 
across  the  Devonian  terranes  of  this  district  will  be  briefly 
described  in  order  to  make  this  work  available  for  use  in  the 
construction  of  the  Appalachian  geological  maps  and  for  the 
purposes  of  general  correlation.  The  Kcction  along  the  line  of 
the  Delaware,  Lackawanna  &  Western  Kailroad,  crossing  Mon- 
roe county,  Pennsylvania,  is  considered  a  typical  section  and  it 
has  been  selected  for  the  subject  of  the  present  paper.  It  is 
no  more  than  just  to  state  that  the  geologic  structure  of  this 
region,  some  of  which  is  decidedly  complicated,  and  the  strad- 
graphic  position  of  the  formations  have  been  worked  ont  and 
mapped  by  Professors  J,  P,  Lesley*  and  I.  C,  Whitet  in  an  ad- 

•  The  Geology  ot  Pennsylvania,  vol.  i,  1 858,  pp.  STO-SSS.  For  a  atalemeDt  ol 
Prof  Lenley'a  work  in  eastern  Peonijlyaoia,  see  2d  Qeol.  Surv.  Pean.,  A,  p.  lOt 
and  ibid.  Q'.  pp.  liv.  ix  foot-note. 

t  liiid,  G;  The  Geology  of  Pike  Rod  llonroe  ooanUee,  18BI. 
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mirable  manner,  the  ac- 
curacy of  which  has  been 
personally  tested  ia  many 
localities. 

The  base  of  the  section 
is  the  Upper  Helderberg 
limestone  (Comiferons), 
which  is  well  exposed  in 
theD.L.  &  W.R.R.cnt 
one  mile  south  of  the 
East  Stroudsborg  station. 
The  railroad  cut  is 
through  an  anticlinal  fold 
and  near  the  center  the 
Cauda-galli  grit  is  ex- 
posed, the  limestone  at 
the  northern  end  of  the 
cut  being  overturned. 
The  Marcellus  shales  suc- 
ceed the  limestone,  one 
exposure  being  in  the 
railroad  cut  a  short  dis- 
tance south  of  the  sta- 
tion, and  another  along 
McMichaelfi  creek,  oppo- 
site Elizabeth  street, 
Strondsbnrg.  Fossils  are 
not  generally  common, 
but  at  the  northeastern 
end  of  the  small  ridge 
north  of  Scott  street, 
Stroudsburg,  is  a  bluish- 
black  sha'e  in  which  they 
arequiteabundant*  The 
following  species  have 
been  identified  from  this 
outcrop.  (U.  8.  Geol. 
Surv.,   No.  1475  B'). 

•  This  locality  was  man. 
tioned  b/ProI.  While;  m«  2d 
Qeol.  Sur».  Peon.,  \j',  pp.  115, 
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Sis  €.  S.  Proneer—lki'onim  Syaiim 

1.  Leiarhynchm  limUari*  (Vnn.)  Hall _ ,..(oi< 

2.  Chontitt  mitcronata  Hall (u 

3.  Leio/iteria  linvis  llall -i 

.   Sti/liola  ,ftsatireila  lUn _ ,| 

1.    Orthoceras  aubulatum  Hall  (?)  ... . i_ :__._. ...«j| 

i.  I^er Inopectejt  dii/natiit  HaW ,_^_„..,..,._Jil 

.  /  GomalUe*  b^i (l 

About  half  a  mile  north  of  Eaat  Stroiidsbnrg,  another  an 
clioal  fold  briiige  fu  the  surface  the  Comifcroiis  HmeBtone  ai 
then  there  are  no  n:ortj  noticeable  expoenres  of  rocks  aloup  I 
railroad  until  a  point  it,  reached  a  abort  distance  norili 
(xrnvel  Place.  At  this  locality,  abont  two  and  one-half  mi! 
from  Stroiideburg,  are  exj^siii-es  of  rather  coarsu  areimwo 
shales  on  the  tiortheast  side  of  the  railroad.  TheioseiUi 
^uite  abundant,  especially  Vitvlina  puntuloaa  Hall.  Thef 
lowing  B[>eciee  were  found  at  this  place  (No,  1475  C*  and  C 

.    Vitulina  piiatnlota  Hall _-(a«)  SOspecimei 

,  Ambaciulia  vmhonata  (C'on.)  Hall..   i 

,   J'hacopa  rana  (Green)  Ilall I 

,  Spivlf'-m  lum-i-'MHifa  (Cmi.)  Bill I 

5.  r/,,--./.     ,!,!r./.,  jimII _ I 

e.  .S>..  m  Hall (I 

7,  -V--  ■  ''/•!  (Con.)  Hall ...; (i 

8,  M'."/'.:.'"r,'/'.'  ......r.uii-ira  (Cott.)  Hail  (?) {i 

9,  Iter  i„ta  JliihdUUii  i,C(m.)  Hall... ji 

10.  Pal(BOtieUo  con»lrieta  {Co».)  ^a.\\ - [i 

11.  Leior/ij/iic/itm  "lullinost'f  Hall .(i 

12.  I'lcurotoiniirin  S|> ,  .__ (i 

I  a.  Griiioid,  calyx   |p 

It  will  be  noticed  that  the  above  list  is  a  typical  Hamilti 
fauna  and  these  arenaceous  sliales  and  thin  sandstones  ma 
an  outcrop  nearly  one  mile  in  width. 

Near  the  top  of  the  above  zone  is  an  arenaceous,  slight 
calcareous  shale  which  in  places,  especially  where  not  welt 
ered,  forms  a  massive  stratum  of  very  compact  rock.  There 
a  good  exjiosure  of  this  zone  by  the  side  of  the  StroudBbu 
and  Spragueviile  highway,  on  the  western  side  of  Brodlie 
creek  about  one  and  one-lialf  miles  below  Spracueville  and 
short  distance  south  of  Mr.  E.  Bonynge's  house. T  Fossils  s 
very  abundant  at  this  exposure,  especially  corals  and  cnno 
ptems;  hut  there  are  also  numerous  specimens  of  braehiopM 

Fauna  of  No.  1475  C. 

•  TEic  rolulLve  alimitiaiite  of  Itie  «])e('iei'  is  indicated  as  follows: 


tTliis  locality  is  described  tjy  Prof.  White  in  I!',  pp.  loa,  2 
ing  of  the  "Ttilly  Linieslone  liorizoii." 
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I.  ^irifera  sculptilis  Hall (a) 

I.  Spirifera Jimhriata  (Con.)  Hall* (a) 

$.  Spirifera  muci-onata  (Con.)  BUI (c) 

i.  Orthis  Vanuxemi  Hall (c) 

5.  Nucleospira  concinua  Hall (c) 

5.  Athyris  spiriferoides  (Eaton)  Hall (r) 

7.  Phacops  rana  (Green)  Hall (c) 

3.  Cypricardinin  indenta  (Con.)  Hall (c) 

J.  Atrypa  reticularis  (Linn.)  Dal (c) 

\  Cyrtina  kamiltonensis  Hall (?) 

I.  Tropidoleptus  curinatus  (Con.)   Hall (/r) 

}.  Chonetes  cor onat a  (Con.)  Hall (rr) 

J.  Strophodonta  perplana  (Con.)  Hall  (V) (rr) 

\,  Leiorhynchus  nudticosta  Hall   (?) [rr) 

J.  Actinopteria  decussata  Hall  (?) (r) 

J.  Mytelarca  (Plithomytilus)  oviformis  (Con.)  Hall (rr) 

I,  Conocardittm  sp . .  (rr) 

I  Platyceras  pp (rr) 

Corals  and  Bryozoa. 

This  horizon  is  especially  important  since  Professor  White 
wsidered  it  to  be  at  the  summit  of  the  Hamilton  stage 
ad  to  represent  the  Tally  limestone  of  New  York.  After 
egcribing  the  locality  from  which  the  above  species  were 
)llected,  the  Professor  stated  "  There  can  be  little  doubt  that 
lis  stratum  represents  the  TuUy  limestone  horizon  of  the 
few  York  Reports,  and  it  thus  becomes  a  valuable  guide  in 
)rrelating  and  classifying  the  rocks  of  the  district."t  How- 
rer,  when  this  zone  is  studied  carefully  it  will  be  noticed  that 
is  osually  a  calcareous  shale  or  sandstone,  instead  of  a  mas- 
?e  limestone  and  does  not  lithologically  resemble  the  Tully 
mcstone  of  central  New  York.  But,  far  more  important 
lan  the  Hthologic  character  of  the  zone,  is  the  fact  that  the 
mna  therein  contained  is  composed  of  Hamilton  species, 
Wle  those  which  are  especially  characteristic  of  the  Tully 
tnestone  are  absent. J  This  zone  api)ears  to  the  writer  to 
)rre8pond  with  the  calcareous  layers  that  occur  in  the  midst 
f  the  regular  Hamilton  shales  of  central  New  York  rather 
lan  with  the  Tully  limestone. 
While  considering  the  correlation  of  this  zone  it  is  impor- 

^  Sjnri/er  fimbriatus  Morton  was  proposed  in  1836,  this  Jour,  vol.  xxix.  p.  150, 

II,  fig.  1 ;  while  Conrad's  Delthyrisfimhriatus  was  named  in  1842,  Jour.  Acad. 
L  Sci.,  Philadelphia,  vol  viii.  p.  2GH.  S.  A.  Miller  in  1883.  2d  ed.  Am.  Pal. 
18.  named  Coorad's  species  Spirifera  Conradana ;  but  in  this  paper  the  name 
(rhich  the  New  York  species  is  {^^neralty  known  has  been  retained. 

G«,  p.  109. 

For  a  list  of  the  New  York  Tully  fauna  with  a  discusaion  of  the  species 

n^  a  diajniostic  value,  see  a  paper  by  Prof.  U.S.  Williams  on  '•  The  Cuboides 

aod   its  fauna;    a  discussion  of  methods  of  correlation,"     Bull.  Geol.  Soc. 

vol.  i.  pp.  49U-404. 
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tant  to  recall  the  known  limit  of  the  eastern  extension  of  the 
Tally  limestone  of  central  New  York,  which  formation  was 
found  by  Vanuxem  in  Chenango  county  '*  at  the  northwestern 
part  of  Smyrna,  on  the  road  to  DeEuyter  village,  where  the 
road  crosses  the  west  branch  of  the  Chenango  [river]  "*  In 
the  summer  of  1886  the  writer  studied  this  region,  and  near 
Qpperville  in  Smyrna  township  reported  limestone  layers 
separated  by  calcareous  shales,  twenty-five  feet  in  thicknessi 
Farther  east  in  the  Unadilla  valley  no  representative  of  the 
zone  was  found. 

One  fourth  mile  farther  north  than  the  outcrop  of  the  cal- 
careous, coral  zone,  the  highway  crosses  Brodhead  creek  and 
under  the  bridge .  and  along  the  banks  of  the  stream  are 
exposures  of  rather  finely  arenaceous,  bluish  shales  which  are 
moderately  fossiliferous.  This  zone  is  easily  traced  in  the 
field  on  account  of  its  being  composed  of  thin,  dark-colored 
shales  which  succeed  the  coarse  arenaceous  shales  of  the 
middle  and  lower  Hamilton.  One  of  the  best  localities  for 
collecting  fossils  in  this  zone  is  in  the  gorge  of  the  Sawkill 
creek,  above  Milford,  Pike  county,  and  the  fauna  of  that 
station  will  be  given  for  this  horizon.  (See  fauna  of  No.  14767'.) 

The  outcrop  from  which  this  fauna  was  obtained  is  one 
of  the  typical  exposures  of  this  zone,  which  was  referred 
by  Professor  White  to  the  Genesee  shale.  The  fossils  came 
from  the  upper  part  of  the  zone  as  exposed  in  the  gorge  of 
the  Sawkill,  which  "rapidly  excavates  a  long  narrow  cafion 
out  of  the  Genesee  shale.'^'^X  While  under  the  description  of 
the  jLi^eo logical  forinationH,  Professor  AVbite  says  that  ''  tlie  top 
of  the  Haiiil/toN  is  inai'ked  oil  everywhere  in  this  district  bv 
the  ap|)earanee  of  a  dark  sandy  fossil  slate  or  shale,  wliicii 
seems  to  he  identical  with  the  Genexre  hiack  sl(ff(  <>f  the  New 
Yoi"k  Iteports/'j^ 

A  jj:eoloi^ist  familiar  with  the  Genesee  shale  of  central  aii^l 
western  N(jw  York  will  tind  some  dithcultv  in  correhitinir 
this  zone  with    the  New   York    Genesee.     These   shales  have 

*Ge()l.  Now  York,  I't.  IIT.  1H42.  p.  •202.     Also,  sec  p.  104. 

f  Proc.  Am.  Assoc.  Adv.  .<ei  .  vol.  xx.vvi,  1S87.  p.  LMO, 

i  (J",   p.  1!«:». 

"^IJii'l.    p    lOT.      Pr*>fossor  Li'slvy  called   these   shales  (i».>iir<ee  in  the  (xphH;:*- 
tion  o{  till-  LriM^loi^iical  struclure  (tf  Mohtdc  <'o.,  Pk<'p.»rt  X.   1  >^s.">.  p.  ix.w. 

Mr.  .\rllnir  Wiii-;l()\v  in  his  work  al('n«-  the  Lehiirh  river  named  tlie  cont"uc;v 
tion  of  thesL'  shales  <  lenesee.  and  montitmcd  them  partieularly  at  Weisspert  (Ann 
Kept.  Ge(»l.  Surv.  i'enn.,  iss.j.  pt   IV,  pp.  \'M\h,  l.Mr.T.  l.'iTD.     Also  see  Wiii^ioff^ 
maj)  ami  seetion   from  exjiosiires  alon^  the   Lehikrh  rivrr.  sheet   No.   3.     In  lb' 
eontiiiuation  of  the  Lehi^Hi  section   down  the  river  hy  Mr.  Frank   A.  Hil".  s>ir:iUr 
shales  are  calltMi   Llenesee  (Und .   pp.    PJTii.  i:^T4).      A    eonsiderahle  ooilectieu  o: 
f()S<il>  was  ma'ie  from  m-ar  the  ^^'eissport  station  of  the  ('entr.-i!  Kailroad  of  Ne^ 
Jersev.  aii<l  Iroiii  the    P.  P.   cut  whove  P)Owmans;   the   litho'.oiric  cltaracter  ef  tk' 
shale  a'.d  ilic  fauna    is   .•ilx)Ut   the   sfimo   as   in   the   ('Xj»usures  of  tlie   same  zoiu 
farther  northeast  in  Monroe  and  I*ike  counties. 
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Fauna  of  No.  U76   F*:  with  table  op  Geologic  Range. 

Geologic  Stage.* 
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List  of  Species.  •  &  2    «         "i 


00 


corfru/*/(Wwt»  Hall a  x ?    .. 

V8\i  suheinarginaia  {Q,oxi^  }\2\\ . . .   a  '. x 

itfiVo  co»«<rt^to  (Cod.)  Hall c  x  ....    x    x.. 

^^^  triqutier  Q,QW. c  ?  x .... 

norpha  myiiloides  (Con.)  U&W c  x 

>«  rana  (Green)  Hall c  .-.-    ?     x  x     x x 

es  mucronata  Hall c  -.   ..    x     x  x 

iesaclis\\2L\\ c  x....    x..    ._ 

*4fmaria  liys  Wb\\ c  -   .-  x 

\es  oblongatus  Con. ..." r  x  ..    ..    x    _.    .. 

ra  fimhriaUi  {Con.)  B\\\ r  xxx..xx.,..    xx 

\tilo  muta  WdM rr  x 

'irer.«a  Hall rr  x 

osttUa'a  {Con.)  Hall rr ..  x  ..    ..    x    ..   .. 

ota  ca*  inatii  C>)n rr  x 

Tis  lancedata  Hall rr  x  . .    . .    x    . .    . . 

leUa  radiatn  (Con.)  H2i\\ rr  x x    .. 

yhora  carinata  {Con.)  WfiWi^ ) rr  x    ..    .. 

la  pygmaa  {Con  )  WtkW rr  x 

ota  ijl)  parvula  }\2l\\ rr  x 

s  spinftroides  { Eaton)  Hall rr  ..    ..    x    ..  x ..   .. 

oUptus  carinattus  {Con.)  U&W rr  x  ....    x    ._x 

(Blia  umbonai<i  {Con.)  lliiW rr  x  x  x     x    ..    x     ? 

is  tenutciurtum  }ia\\ rr  x 

'.ma  delphicola  I lall  (?) rr  x 

phnn  leda  [\a\\ rr x 

nites  (Oryphceus)    Booth i  (<lrceii) 

.  possibly  the  var.  ca/Z/teitfs  Green  rr  _•    ..    x     x  x     x    ..' 

ems  8|>.  f ragmi'nts rr  _.    .. 

rra  granul'/era  Hall  (?) rr  x 

nysia  Urata  WsM   ?)     rr  x 

»ima  AawiiVtonid;  Hall  (?) rr  x ..    .. 

phonhrevilineatiLS  Con.  {"i) rr  x 


lata  used  in  showing  the  geologic  range  of  the  species  in  the  above  list 
sd  principally  from  the  various  works  of  Professors  Hall.  H.  S.  Williams, 
:c,  and  the  distribution  is  confined  mainly  to  New  York.  The  reported 
'6  of  certain  species  farther  south  along  the  line  of  the  Appalachians  is 
illy  left  out  of  consideration,  until  further  investigation  shall  enable  us 
re  their  stratigraphic  position  and  faunas  more  carefully  with  the  New 
es.  Consequently  ihe  range  of  each  species  is  based  upon  references 
g  the  reliability  of  which  there  is  believed  to  be  no  question,  or  upon 
are  personally  known  to  be  accurate  This  is  a  principle  thai  is  fre- 
(^ored  in  the  preparation  of  large  tables  of  distribution  and  range  of 
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very  little  litiiolopic  reBcmblance  to  the  Genesee  and  the  lis! 
of  fossils  given  above  shows  that  the  fauna  is  aot  that  of  the 
Genesee,  but  rather  one  of  the  Upper  Hamilton  stage.  Only 
one  species  of  the  list  identified  from  the  upper  shale  of  the 
Siiwkill  eaflon  has  been  reported  from  the  Genesee  Bhnleof 
New  York,  viz :  AmhoctvUii  vmbonata  (Con.)  Hull.* 

In  central  New  York  the  (Tenesee  shale  does  not  extend 
much  fartlier  east  than  the  Tully  limestone.  Near  Smvnis 
the  writer  found  black,  ar^illa(;eoiis  shales  some  twenty  feel 
in  tliicknessf  and  Vannxem  reported  it  farther  east  at  Nortii 
New  Berlin, J  now  New  Herlin.  In  1888  the  exposures  aIon( 
the  valley  of  the  UnadiUa  river  to  New  Berlin  and  than 
across  the  hills  to  Oneonta  were  carefully  studied;  but  nu 
evidence  was  fonnd  of  the  Genesee  black  shale  or  ils  fauna. 

The  rather  tififiile  Geno8eo(i')  shales  are  succeeded  by  coarser, 
ai-ennueous  shales  alteruatiDg  with  sandstonea  of  moderate 
thickness.  The  sandstones  are  slightly  greenish-gray  iii  color, 
quite  micaceous  and  in  llthologic  appearance  decidedly  dif- 
ferent from  the  darker  and  nioro  argillnccoas  shales  lielov. 
Fossils  are  not  common  in  this  zone,  hut  occasionally  occnr 
abundantly  in  thin  layers.  In  the  lodges  along  the  hill-siites 
east  of  the  highway,  and  by  the  side  of  the  county  road,  just 
above  the  D.  L.  &.  W.  It.  R.  crossing,  alxiut  one-half  mile 
south  of  Spragiioville,  are  exposures  of  these  areuaceons  ahalee 
containing  fossils. 

The  fauna  of  No.  1476  O'-'"""  is  as  follows: 

1.  Piiimoi.eiio  pUina  Hall (W) 

2.  NueiUites  Mouj/alus  Con,  ., ._.    ..(a) 

3.  Paleeotiello  emarf/inaCi  (Con.)  Hall  (?)  var -.--M 

6.  Spirifera  tiieioatrialis  Hall - (e) 

6.  {f)  Acliiiopteriaci.  Boi/di'aM (e) 

7.  Niiculitea  ef.  c^timiforimn  Con (e) 

8.  Prothyria  laiiceolata  Hall _ (i") 

9.  Microdon  {Oypricariiella)  greffariua  HM (r) 

10.  Spirt/era  tii^aeoatalis  lUII (r) 

11.  Orthonotai?)  pantula  Hall  (?) (rrj 

12.  Nucvla  corbuliformis  U&W _.(ff 

13.  Tropidoleptim  carinatiis  (Con.)  Hall -    (^1 

14.  HoriKdonotu*  De  Jiai/i  (wrceii)  Em -. .("') 

15.  Leptodexim,  JionersiRaU  (?)  --(rrl 

The  rocks  from  which  the  above  fanna  was  obtained  are" 
typical  exposure  of  those  which  have  been  called  Chemung  by 

•  rir.  J.  M.  Clarke  in  1 88i  rbtb  a  list  of  flfty-fire  species  Ihat  had  been  founl 
in  tbp  Genesee  shale  of  New  York  iBult.  U.  S.  Geal.  Sutv.,  No.  16.  pp.  33.  6!. 
70),  To  this  fauna  he  has  since  addeil  additional  species;  see,  Am.  Geol.,viil 
viii,  August  1891,  pp.  S8-9I, 

t  Proo.  Am.  Assoc.  Adv.  Sci.,  toI.  invi,  p.  210. 

JGeol,  -S'ew  York,  Pt.  Ill,  p.  232. 
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Professor  I.  C.  White  in  eastern  Pennsylvania.  In  describing 
this  exposure  Professor  White  said :  "  Along  the  county  road, 
abont  one-half  mile  below  Spragueville,  the  Chemvny  rocks 
are  seen  in  cliflfs  of  gray,  fine-grained  sandstone,  quite  fossil- 
iferous  ;^^*  and  in  his  account  of  the  geologic  formations  he 
fnrther  stated  that  *'  It  was  impossible  to  identify  any  of  the 
beds  between  the  base  of  the  VatskiU  and  the  top  of  the  Ham- 
ilton  with  the  Poi'tage  series  of  other  portions  of  Pennsyl- 
Fania,  either  on  lithological  or  pal aeonto logical  grounds,  and 
hence  I  have  applied  the  name  Cnemung  to  the  entire  interval, 

5 referring  to  regard  the  Portage  series  as  absent  from  this 
istrict/'f  Several  reasons  are  given  for  this  correlation,  that 
of  first  importance  being  ''The  occurrence  of  characteristic 
Chemung  jossils  throughout  the  entire  interval.":}:  Later,  in 
describing  the  geology  of  the  Susquehanna  river  region,  Pro- 
fessor White  stated  that  probably  the  beds  in  the  lower  part 
of  the  Chemung  "  are  the  equivalents  of  the  Portage  beds  in 
Hew  York  ;"§  and  in  a  letter  dated  February  22,  1892,  empha- 
sizes the  fact  that  he  wishes  the  above  statement  to  apply  to 
Monroe  and  Pike  counties,  and  that  the  low^r  part  of  the  ter- 
rane  called  Chemung  in  those  counties  corresponds  to  the 
Portage  of  New  York 

The  fauna  of  this  formation  is  not  characteristic  of  the  Che- 
mung stage  of  southern  central  and  western  New  York,  or 
even  of  the  highest  fossil  if  erous  pre  Carboniferous  rocks  of 
southern  Pennsylvania  and  western  Maryland.  On  the  con- 
trary it  is  a  modified  Hamilton  fauna,  similar  to  the  faunas 
that  occur  in  central  and  eastern  New  York  in  the  Portage, 
especially  after  the  Tully  limestone  and  Genesee  shale  have 
disappeared.  It  hardly  seems  to  be  so  late  as  the  "  Ithaca 
group,"  but  rather  approaches  the  earlier  modified  stages  of 
the  Hamilton  fauna,  as  possibly  the  Paracyclas  lirata  stage  of 
Professor  H.  S.  Williams,  which  is  found  well  developed 
above  the  horizon  of  the  Genesee  shale  at  Oneonta  and  [Nor- 
wich in  central  New  York.|| 

It  is  true  that  Spirifera  disjuncta  Sow.  is  reported  from 
this  formation  ;^  and  if  the  specimens  were  correctly  identi- 

♦G«,  p.  272.  t  I^id.,  p   104.  %  ^^dt  P-  104. 

^G".  I88M.  p.  68  ;  and  see  pp.  70  and  228  for  similar  statements. 
I  See  Prof.  n.  S.  Williams,  Proc.  Am.  Assoc.  Adv.  Sci..  vol.  xxxiv.  p.  225  and 
chart;  and    Prosser.   ibid.,   vol.   xxxvi,   p.    210.     This  faima   characterized  the 
Oneonta  group  of  Conrad  (not  Vanuxem,  who  applied  the  same  name  to  the  over- 
i/ing  gray  and  red  sandstones  and  shales)  which  was  composed  of  bluish  shales 
ifith  some  sandstones  and  abundantly  fossil iferous.     The  zone  is  well  exposed  in 
tfae  quarry  at  the  foot  of  the  hill  west  of  Oneouta,    at  Norwich  in  the  quarry 
lear  the  reservoir,  and  in  the  lower  part  of  the  high  hill  west  of  the  village. 
^or  Conrad's  description  of  the  "group"  see  Ann.  Geol.  Rept..  N.  Y.  1841,  pp. 
0.  31.  50,  53. 
^G\  p.  105. 
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fied  tliat  would  be  almost  conclusive  proof  of  its  Chemmii 
age.  But  the  writer  has  failed  to  find  this  opcciea  on  the 
eaHtera  side  of  the  Pocono  and  CatHkiJl  inountaine  and  ie  in- 
clined to  think  that  Spirifera  //wtaatrialiB  Hall,  an  allied 
species  which  is  not  nnconiuion,  is  the  one  reported  for  & 
dinjitiivta,  especially  since  the  Cuscade  section  of  Susquehanna 
County,  Penn.,  has  been  reported  to  contain  "well-known 
Chemung  shaly  and  flaggy  strata  full  of  Spirifet-a  divjuueta.''^* 
When  the  section  was  examined  in  company  with  Professor 
H.  8.  Williams  it  was  found  tbbt  the  common  species  wa8>^. 
meaastriaiig,  which  had  evidently  been  mistaken  for  the  X 
di8Jwicta.\ 

After  considerable  field  work  in  southeastern  New  York  and 
northeastern  Penusylrania,  the  conclusion  is  reiicbed  that  the 
marine  faunas  terminated  either  slightly  in  advance  or  aooii 
after  the  appeaniuce  of  the  Chemung  staeu.  In  central  and 
southern  Pennsylvania  and  western  Maryland,  tlie  conditions 
seem  lo  have  been  more  favorable  and  Spirifera  riinjunela 
with  other  Chemung  species  occnra  in  rocks  which  are  strali- 
graphicaliy  ctiuivalent  to  the  unfossiliferous  boJs  fartlier 
toward  the  northeast  The  ituologicul  collections  of  Johns 
Sopkins  Cniversity  contain  u  few  8i>e<'.i mens  of  Spiriffru  dii- 
junriu  from  near  Cnmberland,  Maryland,;}  and  Professors 
Claypole,^  White,!  Stevenson,*!  Ashbarner,**  and  Mcettt 
havo  reported  the  speciea  from  a  nuoiber  of  localities  in  Pens- 
aylvania  and  Virginia. 

Theeu  shales  and  sandstones  of  the  Chemnng  series,  whicB 
codlitin  the  liighc-st  fo^eil  shells  sl-cu  by  Pr^.fcssor  White,  are 
succeeded  by  greenish-gray,  thick-bedded  sandstones  —the 
Starucca  sandstone  of  Prof.  White — which  at  that  time  he 
considered  the  base  of  the  Catskill-tt     Later,  Professor  While 

fSec  the  remarka  od  Ihe  CsBcade  aeetioD  by  Prof.  WiUiaoiB.  who  suws- 
"  When  [  siamiDed  the  seclion  I  foimd  no  trace  of  several  of  ihe  speciea  atA 
and  only  rare  and  imperfect  specimens  ol  Spirifera  dujnrtcta  and  the  lasl  i'up 
wiUi  IthynchoatUa  eontiaclu;  but  all  ihc  mase  or  the  (auDa  v/as  Spirifera  ")»' 
aatriatia  and  ita  legitimate  asBociatea,  whicti  ii  a  lower  fnuna  beloDpug  lo  ibe 
more  eastern  part  of  thia  Kcneral  area.  Tlie  difference  between  the  Iwo  Spiri- 
(eras  appears  at  first  glance  slight;  but  they  are  oloarlj  dislioct  "  (Proc.  im 
Assoc.  Adv.  Sci .  vol.  xiti\v.  p.  2i\ ) 

I-See  list  of  Chemung  fossils  from  Maryland  by  Charles  R.  Keyea  in  M"* 
Hopkins  Umv.  Cirtulars,  vol  li,  r>poeniber,  1891.  p.  29;  which  spttam*"^ 
through  the  courleHy  of  Dr.  W,  B,  Clark  have  been  personally  ciamiDed. 

gF",  pp.  li.  11,  i89,  291. 

\T\  pp.  98.  1B.1.  194, 

^T',  pp.  76,  RO,  \i%.  212,  214,  216,  225,  2;G;  and  Amer.  Geol ,  vol,  ii.  pp  '" 
2il. 

••F,  pp,  221,  2i5. 

ft  Hull,  Phil,  Soc ,  Wasbiiigtoa,  vol.  Li,  Appendii.  j 

ttG'.  pp    102,   10:i       See  G',  18SI,   pp,  .>9,  7U.  13 
original  deacriptioQ  of  this  zone. 
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rtates  "  it  seems  probable  that  the  600'  of  grayish  green  beds 
It  the  top  of  the  Chemung  in  Pike  and  Monroe  which  in  G* 
^ere  referred  to  the  CatskiU^  under  the  name  of  Stamcca 
iedSy  may  be  the  equivalent  of  a  portion  of  the  Upper  Chemung 
)f  this  district  [Susquehanna  river  region],  and  therefore 
jH'oneouslj  referred  to  the  CaUkiU  in  G'."*  In  the  letter 
neutioned  above  Professor  White  writes  that  600'  of  sand- 
tones  which  in  G*  were  put  in  the  Catskill  should  be  added  to 
he  Chemung.  Referring  to  the  difficulty  in  separating  the 
>hemnng  and  Catskill  the  Professor  says,  "  I  think  the  only 
lossible  separation  of  Chemung  and  Catskill  is  that  founded 
ipon  physical  characteristics  and  in  my  opinion  we  should 
eparate  them  at  the  horizon  of  the  lowest  red  beds,  for  these 
eem  to  come  in  at  about  the  same  general  zone  everywhere, 
nd  it  is  the  only  possible  means  of  separation."  The  Starucca 
andstone  is  well  exposed  at  Spragueville  and  in  the  first  D. 
i.  &  W.  R.  R.  cut  north  of  the  station. 

The  second  railroad  cut,  just  north  of  the  Brodhead  creek 
ailroad  bridge,  is  in  the  New  Milford  red  shale,  which  is  now 
•egarded  by  Professor  White  as  forming  the  base  of  the  Cats- 
dli.  The  red  shales  alternate  with  gray  shales  and  sandstones 
18 far  as  the  "High  Bridge"  over  the  West  Branch  of  Brod 
head  creek  where  the  Delaware  river  flags  of  White  are  reached. f 
At  the  southern  end  of  the  firet  railroad  cut  north  of  "High 
Bridge,"  in  the  lower  part  of  the  Delaware  flags,  a  greenish- 
giay  sandstone  contains  many  impressions  of  07*thonota{l) 
parvula  Hall,:}:  a  species  that  occurs  in  the  upper  Hamilton 
8hale8  of  Schoharie  count}',  New  York,  as  well  as  frequently 
in  the  argillaceous  Hamilton  shales  of  central  and  western  New 
lork.  There  is  also  a  breccia  which  contains  fragments  of 
brachiopod  shells  and  fish  bones.  At  the  northern  end  of  the 
cut  are  coarse,  grayish,  arenaceous  shales  in  which  fern-stipes 
Wicur,  and  one  poorly  preserved  frond  of  Arch(eopteris  minor 
Lx.  (?)  was  found. 

The  Delaware  flags  are  succeeded  by  the  Montrose  red 
shale  in  the  vicinity  of  Henryville,§  and  overlying  these 
shales  are  the  Honesdale  sandstones.     Near  the  transition  from 

'  *Gsp.  73.  tSeoG«,  p.  100. 

t^^r.  Charles  K.  Beechor  hns  seen  these  specimens  and  agrees  with  the  above 
wientification.  Dr.  J.  M  Claike  has  kindly  compared  some  of  the  specimens  with 
the  types  in  the  Sew  York  State  Mu.seum  at  Albany,  and  writes:  'I  see  no 
Reason  why  the  shells  in  question  should  not  bo  rejararded  as  Orthonota  (?)  parvula 
in  iccordaneo  with  your  identification ;  I  have  compared  them  with  the  types  of 
^^' ^.)  parvula  and  can  find  no  distinctive  characters." 

^From  the  railro.id  cut  in  the  red  shale,  just  south  of  Ilenryville  station, 
Prof.  White  rei)orted  AtrhcBOpteris  Jacksoni  Dn.  (G*,  pp  103,  H2u)  No  speci- 
Jiens  were  found  by  the  writer  and  the  only  fossils  seen  in  the  shal'*  were 
'ocoidal  (?i  fragments,  which  are  frequectlv  seen  in  the  red  shales  of  the  Che- 
n^ynjf  and  Catskill. 
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"White's  Montrose  shale  to  the  Honesdale  nandHtones,  as  a- 
posed  along  Did  D,  L,  &  W,  R.R,  occurs  the  hiRheet  faoni 
that  has  jet  Itettii  found  in  Monroe  and  Pike  counties.  Atxire 
these  shells  no  fossils  were  seen  in  the  higher  rocks,  iixcept 
nndeterminable  fraenientn  of  plants.  The  shelU  occur  m 
some  greenish,  argiflaceous  etialea,  about  one  and  one-half  f«t 
above  red  shales  at  tli<.-  northoni  end  of  the  second  railroid 
out  north  of  Henry  ville.  Several  good  specimens  of  Splriftm 
mes(Mtria/is  Hall  were  found  and  one  of  /^i  itiiterga  Hall  (I). 
Spirifera  meaajtlrifUiswhich  is  reported  from  the  Hamilton  of 
Schoharie  county,  New  York,*  is  an  abundant  and  well  known 
species  of  the  middle  zone  of  the  "  Itha**  group  "  at  Ithaca 
and  is  also  found  in  the  lower  Chemung  farther  south  in 
southern  central  Xew  Yorkf  and  northern  Pennsylvania,! 
whilu  Leda  t/iversa  is  a  Hamilton  species  of  eastern  and  orn- 
tral  New  York.  The  fossils  eeem  to  indicate  that  these  shale" 
are  hardly  younger  than  the  lower  Chemung  and  they  migbt 
be  still  older,  since  the  specimens  of  Spirifera  menasfrtafisiv 
not  appear  to  be  the  variety  which  is  fonnd  in  thf  lower 
Chemnng  of  southern  New  York ;  but  on  the  contrary  the 
form  found  in  the  older  rocks  of  the  Portage.  The  nearwt 
correlation  to  the  above  is  that  of  Professor  Stevenson  in  hi* 
Vice-Presidential  address  before  Section  E  of  the  American 
Association,  in  1*91,  when  he  drew  the  line,  separating  the 
Oatskill  from  the  Ohemnng,  between  the  Montrose  sandatona 
above  and  tho  Montrose  red  shale  below, §  which  is  at  a  parluf 
the  series  not  distant  from  the  horizon  in  which  the  Spirlfnf* 
were  collected  above  Henryville. 

Above  this  horizon  coarse,  gray  sandstones  and  shales  alter- 
nate with  reddish  shales.  A  thick  mass  of  the  red  shale  is 
well  exposed  in  the  railroad  cut  just  west  of  Oakland.  Tiie 
cut  below  Mt.  Pocono  shows  coarse,. gray  sandstone  with  frag- 
ments of  fossil  plants,  thin,  bluish,  argillaceous  shales,  breccia 
and  red  shales,  while  in  places  the  coarse  gray  sandstone  con- 
tains quartz  pebbles  and  is  probably  near  the  horizon  of  Pro- 
fesBsor  White's  Cherry  Ridge  conglomerate,  about  500  feet 
below  the  top  of  the  Catskill.||  In  general  structure  and 
lithologic  appearance,  these  rocks  are  very  similar  to  the  tvp- 
ical  Oatskill  of  the  Catskill  Mountains. 

On  the  summit  of  the  Pocono  plateau,  about  two  and  one- 
half  miles  north  of  Tobyhanna,  is  a  massive  conglomerate 
which  is  considered  by  Professor  White  as  the  Mt.  Pleasant 
conglomerate  at  the  base  of  the  Pocono.  T" 

•Geo).  Surv   N.  Y„  Pal iponto logy,  vol   Iv.  PI.  1,  p.  417. 

t  Bull.  U  S.  fleol.  Surv..  No  3,  pp.  n.  -11,  'l\. 

X  Proc   Am.  Assoc.  Adv.  Science,  vol.  iiiiv,  p.  231. 

S  Am.  Geol.,  vol.  ii.  p.  H.  [  f"'.  P-  ''8-  (ool  note. 

•TG",  pp.  90.  329, 
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Candiisions, — As  a  result  of  tbis  investigation  no  change  is 
suggested  for  the  Lower  Devonian — the  Caudagalli  grit  and 
Upper  Helderberg  (Corniferoiis  limestone).      In  the  Middle 
Devonian  the  Marcellns  is  generally  clearly  defined,  except  in 
the  upper  part  where  it  changes  rather  gradually  from  the 
urgillaceons  to  the  more  arenaceous  shales  of   the   overlying 
Bamilton  stage.     The  Hamilton  as  mapped  and  defined  con- 
dsts  mostly  of  rather  coarse  arenaceous  shales  and  thin  sand- 
itones ;  but  to  these  possibly  should  be   added  the  calcareo- 
irenaceous    zone    (called   Tully   limestone)    and    the    black, 
fossiliferous  shales  above  (called  Genesee).     It  is  shown  that 
the  so-called  Tully  and  Genesee  stages  do  not  agree  with  the 
New  York  formations   in    either  lithologic  or   paleontologic 
characters.     After  the  disappearance  of  the    Tully  limestone 
and  Genesee  black   shale  in  central  New  York  there  is  very 
little  evidence  of  their  reappearance  in   eastern  New  York. 
Therefore  the  correlation  of  the  zones  in  Pennsylvania  with 
these  New  York  formations  is  considered  as  open  to  discus 
rion.      The   Chemung  series   contains   a   modified    Hamilton 
fauna  similar   to   that  in  the  lower  Portage  of  central  New 
York,  after  the   disappearance    of   the   Tully  limestone   and 
Genesee  shale.     Above  this  fauna  are  the  Starucca  sandstones, 
the  New  Milford  red  shales,  the  Delaware  flags  with  Ortho- 
noia(l)pa7'vtilaj  and  the  Montrose  shales  in  the  upper  part  of 
which    Spirifei*a   mesaatrialis  and    Leda   diversa  (?)   occur. 
These  fossils  seem  to  indicate  that  up  to  this  horizon  this  series 
of  rocks  may  not  be  of  later  geologic  age  than  the  lower  part 
of  the  Chemung  stage.     From  the  above  statement  the  inabil- 
ity to  indicate  any  sharp  dividing  line  between  the  Catskill 
and  Chemung  series,  or  the  Chemung  and  Portage  stages,  will 
be  readily  understood. 

Acknowledgment  is  due  to  Mr.  Charles  D.  Walcott,  Chief 
Paleontologist  of  the  U.  S.  Geological  Survey,  and  to  Professors 
H.  S.  Williams  of  Cornell  University,  I,  C.  White  of  West 
^ir^inia  University,  and  Lester  F.  Ward  of  the  U.  S.  Geologi- 
cal Survey  for  suggestions  and  advice  in  this  work. 

U.  S.  Geological  Survey,  May,  1 892. 


Art.  XXIX. — On   the  CcBHium' Mercuric  Ualides j  by  H.  L. 

Wells. 

It  is  to  be  expected  that  more  complete  series  of  double- 
halides  can  be  made  with  ctesium  than  with  the  other  alkali- 
OfJetalg,  because  it  is  the  extreme  member  of  the  potassium 
S^^np  and  the  most  electro-positi ve  element  known,  and  because 
^ium  double-salts  in  general  are  less  soluble  than  the  corre- 
sponding compounds  of  the  other  alkali-metals.     A  thorough 
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study  of  theao  componndfl  eeeins  desirable  since  very  little  

has  been  done  in  tuU  direction,  and  therefore  the  present  in- 
vestigation of  the  ctesiiim-mercurio  chlorides,  broiriidos  isd 
iodides  has  been  undertaken. 

The  following  is  a  complete  list  of  the  previonaly  described 
mercnric  donble-halides  containing  the  alkali-inetaU  and  &niiiie- 
niuu),  aa  far  as  I  have  been  able  to  tind  them  : 
N8,HgCl,  NHtlpCI,  RbHg.fl. 

Bb.llgCl,  RbrtuCI,  KII.'(.I  .211,0 

C!i,HgCl.  KHi;Bi 


(NHt.H-'Bv.  XH.HkCI,.  iH,  O 

K,!Ij-Ur.  KH-CI, .  H,0  (N  H.).Hg.CI. .  -(H, 


H.O 


Nfl,H-I  KHkHi-,.H,() 

K,Hi;l.  NiiHgCI,.  UH,0 

(NH.).kgCl  .H.O  NH.Hgl..  1*11,0         (NH  LHgCL 

K,HeCI,^  H,0  KHal, .  UH-O 

Rh.HaCI  ,  2H,0 

(NH.),HgI..aII,0 

The  greater  nnrnber  of  these  arrange  themselves  into  l» 
types  with  varying  water  of  crystallization  or  with  none.  Thw 
are  two  compounds  of  a  third  type,  while  the  two  remaininf. 
more  coin | ill euU^^d  wiits,  stand  alone.  The  last  two  were  de- 
scribed by  Holmes." 

An  effort  has  been  made  to  make  the  examination  of  tbe 
caisium-mercnric  ealta  very  complpte,  but  it  is  not  safe  to  saythst 
every *po68tble  eomponnd  has  been  prepared,  for  negative  re- 
sults are  uncertain.  It  will  not  be  neceseary  to  describe  the 
unsuccessful  experiments  where  mixtures  or  uncertain  produets 
were  obtained.  It  is  sufficient  to  say  that  other  double-halides 
were  repeatedly  looked  for  in  every  direction,  and  every  imli- 
caCion  of  a  new  salt  was  followed  up  nutil  a  homogeneous 
product  wae  obtained  and  analyzed. 

The  following  table  gives  a  list  of  the  salts  that  are  to  he 
described.  One  of  them,  C8,HgCI„  has  already  been  prepured 
by  (iodetfroy.t 


C«HgCl. 
C.HcBr. 

('".nil. 

I's.HgCI.Br, 
C.HgBr.I, 

O.HgCI. 

Cs.HgBr 

C.Hgl. 

C.HgCl.Br, 

l-XUBBr.l.J 

Cii.H|ci,i, 

C.HgCl.t 

C.HgBr,! 

C.Hgl, 

C.HgCIBr,t 

CaigBrl, 

IV. 

X. 
CsHg,Cl, 
CsHg.Br 
C.Hg.I. 
CsHg.ClBr. 

CsHg.Cl,, 

c.ng.i. 

OiHg.ClBr,, 

*  Cham.  Sews,  », 

S61. 
u«  diiDorpliouB. 

t  fleriehte,  viij,  9. 
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'hese  salts  confirm  the  composition  of  all  the  prev^ionsly 
wn  alkaline-mercuric  halides,  as  given  in  the  preceding 
e,  except  the  single  compound  (NH^),Hg,Cl,o.  It  is  ex- 
nely  probable,  however,  that  the  correct  formula  for  this  is 
!^Hg^Cli,,  for  Holmes  obtained  results  slightly  lower  than 
theory  in  his  ammonium  determinations,  and  it  would  be 
cely  possible  to  distinguish  between  the  two  formulas  by 
lysis,  as  will  be  seen  from  the  following  numbers : 

Calculated  for      Calculated  for 
(NH«)9Hg9CUo.      NHiHgftClii.        DiffereDces. 

Mercury 70*70  71*00  0-30 

Ammonium 1*41  1*27  0*14 

'he  differences  between  the  amounts  of  mercury  and  caesium 
the  corresponding,  formulas  are  0*80  and  0*85,  so  that  it  is 
lent  that  the  caesium  compound  furnishes  a  far  better 
.ns  of  determining  the  composition  of  the  salts, 
'he  first  type,  CsJIgHl^,  is  a  new  one.  These  compounds 
interesting  as  exceptions  to  Remsen's  law  concerning  the 
iposition  of  doublehalides.* 

'he  salt  Cs,Hg,Ig,  although  standing  alone  among  the  caesium 
ipounds,  is  a  very  well  characterized  body,  and  the  com- 
nd  (NHJ,Hg,Cl, .  4H,0,  made  by  Holmes,  belongs  to  the 
le  type. 

'he  results  of  the  work  on  the  caesium-mercuric  salts  fulfill 
expectations  concerning  the  value  of  caesium  as  a  means  of 
lying  alkaline  double-halides,  for  all  the  previously  disco v- 
i  types  have  been  made  with  this  metal,  and  one  besides 
t  haa  never  been  discovered. 

Preparation. 

Phe  compounds  were  made  by  dissolving  .mercuric  halides  in 
solutions  of  caesium  halides  and  cooling,  or  in  some  cases 
porating  at  ordinary  temperatures,  to  crystallization.  The 
itive  amounts  of  the  two  nalides  and  the  dilution  both  have 
important  influence  in  determining  the  salt  produced.  In 
8t  cases  dilution  with  water  is  equivalent  to  tne  addition  of 
rcury,  while  concentration  produces  the  same  effect  as  the 
lition  of  a  caesium  halide.  It  has  been  noticed,  where  more 
n  one  salt  is  deposited  from  a  solution  by  cooling,  that  the 
8  with  more  mercuric  halides  are  formed  first.  This  shows 
t  cooling  a  solution  may  be  equivalent  to  the  addition  of 
inm. 

'here  are  only  a  few  of  the  salts  that  can  be  recrystallized 
hanged  from  water,  most  of  them  requiring  the  presence  of 
excess  of  caesium  halide,  or  in  two  or  three  cases  mercuric 

•  Am.  Cbem.  Jour.,  xi,  296 ;  xiv,  85. 
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halidfl,  for  their  formatiun.  Crystallization  from  water  «n 
therefore  often  be  used  for  preparing  one  salt  from  another. 
All  the  compounds  were  made  with  Bolutions  of  the  norma 
salts  wiihont  the  use  of  acids.  Some  of  them  have  been  mad 
witli  alcoholic  sulutiouH,  hut  this  solvent  has  not  been  found  I 
possess  any  advantages  except  for  preparing  CsHg,!,. 

Analytical  Methodi. 

The  salts  were  always  carefullj  examined  to  l>e  sure  that  the 
were  not  mixtures.  Uauy  mixed  crops  of  crystals  were  o1 
tairied,  but  I  urn  eoufideiit  that  tlic  products  analyzed  wer 
pure.  The  crystals  for  analysiH  were  always  quickly  and  tho 
oiighly  freed  from  the  mother-liquor  by  preasing  repeated! 
between  smooth  filter-papers,  and,  at  tlie  same  time,  they  wei 
crushed  to  remove  included  liijuid.  During  this  drying  prooa 
the  substances  weru  expoEcd  to  the  air  aslittle  as  po^ible  t 
avoid  any  evaporation  of  the  adhering  liquid  before  its  remnvs 
After  tho  products  had  been  dried  as  thoroughly  as  possible! 
this  way,  tney  were  usuHlly  exposed  to  the  air  for  an  honni 
two  tu  remove  the  last  traces  of  moisture,  bnt  this  was  not  don 
in  a  few  cases  where  I  wished  to  be  certain  that  no  easily-ktt 
water  of  crystallization  was  preaent. 

Portions  of  about  one  gram  of  sviltstance  were  usually  takei 
for  Analysis  In  no  Ciise  was  the  analysis  hampered  from  taul 
of  material.  The  chloi-ides  and  bromideo  were  readily  dis 
solved  in  water,  but  it  was  necessary  in  analyzing  the  lodiin 
compounds  to  dissolve  them  in  water  containiiig  alcohol.  Mei 
cury  was  invariably  determined  as  sulphide,  the  precipitat 
being  collected,  dried  at  100°  and  weighed  on  an  asbestos  filte 
in  a  Gooeh  crucible.  Csesium  was  usually  determined  in  th 
filtrate  from  the  mercuric  sulphide  and  was  always  weighed* 
sulphate.  In  this  operation  the  excess  of  sulphuric  acid  wa 
removed  by  ignition  in  a  current  of  air  containing  ammonia,  a 
suggested  by  Kriiss  for  potassium  sulphate.  In  some  ease 
where  ciesium  alone  was  to  be  determined,  the  substance  «a 
weighed  out  directly  into  a  platinum  crucible,  sulphuric  aci' 
was  added,  the  excess  of  this  and  the  mercury  were  remove' 
by  evaponitiou  and  heating  and  normal  ciesium  sulphate  Wii 
weighed.  The  halogens  were  invariably  determined  in  seiKirat 
jwrtions  and  were  weighed  as  silver  salts.  In  the  case^  wlier 
two  were  present,  they  were  determined  by  heating  the  mixei 
silver  halides  to  constant  weight  in  chlorine. 

llie  Dimhle-chlorides. 
These  are  all  white  in  color  and  are   permanent  when  e: 
posed  to  the  air.     On   recrvstallizing  from   water  all  of  thei 
anally  yield  CsIIgCI.. 
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Cs^HgCl^  is  made  by  dissolving  a  comparatively  small  quan- 
tity of  mercuric  chloride  in  a  nearly  saturated  csBsium  chloride 
solution.  It  is  deposited  on  cooling,  but  the  best  crystals  are 
obtained  by  spontaneous  evaporation.  If  too  much  of  the 
mercuric  compound  is  added  or  if  too  much  water  is  present, 
other  double  salts  or  mixed  products  will  be  obtained.  On  the 
other  hand,  if  too  little  mercuric  chloride  is  present,  caBsium 
chloride  crystallizes  out.  The  limits  of  the  conditions  under 
which  it  is  formed  are  narrow,  but  by  repeated  trials,  with 
slight  variations  suggested  by  previous  results,  a  pure  product 
is  readily  obtained.  It  forms  slender,  radiating  prisms  which 
are  easily  distinguished  from  the  compounds  with  which  it  is 
liable  to  be  mixed. 

The  following  analysis  was  made  of  a  sample  which  was 
rapidly  dried  on  paper,  but  not  air-dried.  The  small  amount 
of  water  found  was  probably  simply  moisture.  It  was  deter- 
mined by  direct  weighing  in  a  calcium-chloride  tube. 

Calculated  for 
Found.  Ca.HgCU. 

CsBsiura 61*15  51-38 

Mercury 24*84  25'70 

Chlorine 21-79  22-86 

Water 1*69  0-00 


99-47  100-00 

t\HgCl^  is  produced,  by  cooling  a  hot  solution,  when  a 
little  more  mercuric  chloride  or  water  is  used  than  in  the  case 
of  the  last  salt.  The  conditions  for  its  formation  are  narrow. 
It  forms  large  but  usually  very  thin  plates  which  are  readily 
distinguished  from  the  other  double-chlorides.  A  sample  was 
dried  on  paper  for  analysis. 

Calculated  for 
FouDd.  C8,BgOl4. 

C»siura 44-06  43-75 

Mercury     32-90 

Chlorine 22-87  23-35 

Water 0o2  O'OO 


100-00 


CsEffCC,  is  dimorphous,  forming,  according  to  circumstan- 
^  cubic  or  orthorhombic  crystals.     The  cubic  form  is  pro- 
duced,  under   widely    varying  conditions   by   cooling  dilute 
Aqueous  solutions,  when  csesium  chloride  is  considerably  in 
Excess.     The  orthorhombic   form  is  deposited   when  caesium 
Cftloride  is  not  in  great  excess  and  by  one  or  more  recrystal- 
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lizatiutis  from  water  of  all  the  (louble  clilorides.     Tlii*  form 
Cftn  be  recrystalHzed  from  water  indefinitely. 

The  compound  is  practically  iiiHolubte  iii  absolute  alcwH 
but  it  dissolves  in  alcohol  tliUitod  with  aluut  oiio-tliird  of  itt 
volume  of  water,  and  it  Is  rcnmrkable  that  the  cithw  form\i 
deposited  from  such  a  tiolution  on  cooling. 

The  cubes  often  form  peculiar  aggregates,  apparently  of  i 
pyramidal  shape,  Tho  orthorhombic  crystals  are  very  brilliant 
and  highly  modified,  usually  forming  gronpa  of  spcar-^hspwi 
Individuals  joined  end  to  end. 

Three  samples  were  analyzed  ;  A,  cnbea  simply  dried  on 
paper;  B,  cubes  from  alcohol ;  C,  orthorhombic  crystals,  air- 
dry. 

CbIouUIhI  for 
Found.  CsUgai 

ABO 

Ciegiiim 30-20     30-2(i     29-92  30-2B 

Mercury 44-St)       45-63  45-51 

Chlorine 28-40       24-03  24-23 

Water 1.42       0-00 

B9-91  90*58  100-00 

Since  the  orthorhombic  form  of  this  compound  is  not  de- 
composed by  water  its  solubility  could  be  determined.  Tliif 
woe  done  Vy  analyzing  the  mother-liquor  from  a  third  refrys- 
tallization  at  about  17°.  Of  this  solution,  100  parts  cont-iind 
(1-4255  parts  of  cit^iom,  corresponding  to  1-406  parts  of 
CaHgC:, 

CsHg^Cl^  was  made  by  dissolving  24  g.  of  CsHgCI,  and  !•!?■ 
of  HgOl,  (a  little  more  than  one  molecule  of  the  latter]  in 
about  150  e.  c.  of  hut  water  and  cooling.  A  large  crop  of 
needles  was  obtained  which  were  nndoabtedly  homogeneous. 

AdsI^sU  CalculHled  fm 

gave.  CsHgiCl,. 

Cffisium._ 18-13  18-72 

Mercurv 36-.')2  5630 

Chloriu'e -   24-68  24-98 

90-13  lOOOO 

The  salt  is  not  very  readily  decomposed  by  water,  but  by 
repeated  recrystallization  the  orthorhombic  form  of  CsHgCl, 
is  obtained. 

Vsflif^Cl^,  was  prepared  by  making  a  nearly  saturated  solu- 
tion of  12-5  g.  of  IlgCsCi,  and  3S-5  g.  of  HgCI,  (about  one 
molecule  of  CaCl  to  six  of  HgCl,)  in  boiling  water  and  cool- 
ing.    The  compound  was  obtained  in  prisms,  so  well  formed 
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that  there  was  no  doubt  about  their  homogeneity.     Two  crops 
were  analyzed. 

Calculated  for 
Found.  CsHgftClu. 

Caesium 8-68       8-51  8-73 

Mercury 65-69       65-64 

Chlorine 24*97       25.63 


99-24  100-00 

A  single  recrystallization  of  this  salt  from  water  gave  a 
mixed  crop  of  crystals  and  this,  on  repeating  the  operation, 
gave  CsHffjClj  still  containing  a  little  of  the  original  com- 
pound.    Tnis  last  crop  was  analyzed. 

Calculated  for 
Found.  CsHgjCU. 

Caesiura 15-57  18-72 


The  Double  Bromides. 

All  of  these,  salts  are  white,  or  nearly  so,  except  CsHgBr, 
which  has  a  lemon-yellow  color.  This  color  is  remarkable 
since  CsBr  and  HgBr,  are  both  pure  white. 

All  of  the  double  bromides  yield  CsHg^Br^  on  recrystallizing 
them  one  or  more  times  from  water.  It  is  to  be  noticed  that 
this  salt  belongs  to  a  different  type  from  the  double-chloride 
which  is  stable  with  water,  but  if  alcohol  is  used  for  recrys- 
tallizing this  bromide,  the  salt  corresponding  to  the  chloride 
just  mentioned  is  deposited. 

CsJIgBr^, — The  preparation  of  this  salt  is  exactly  analogous 
to  that  of  the  corresponding  chloride,  and  it  has  the  same 
appearance. 

Calculated  for 
Found.  Css  HgBrs. 

Caesium 3983  39-94 

Mercury 19-50  20.02 

Bromine 39-60  40-04 


98-93  100-00 

Cs^HgBr^   is   prepared  similarly   to  the   chloride,  but  the 

limits  of  the  conditions  under  which  it  is  formed  are  much 

wider.     Like  the  chloride  it  usually  forms  very  thin  plates, 

bnt  they  can  sometimes  be  produced  of  sufficient  thickness  for 

measorement.     Three  separate  crops,  made  under  considerably 

different  conditions  were  analyzed. 
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CalciiUwd  In 

C».HgBr.. 

CR-»ium.-- 

..    3M-84     iii-A-.t     33-6B 

3-1.8* 

Morcnry  ,. 

.-    23*«8      26-n      25'4S 

25-43 

Uromino  ... 

..    4U-4S     4ll'*0     40'62 

40.71 

^ 


lOUOO     99  »1     99-66  lOO-tm 

VgJlgBr,, — This  compound  ia  diniorphoiifi,  but  while  one 
fortii  is  cuKic,  like  one  of  the  chlorides,  the  other  is  mono- 
ciinie  and  hue  no  HUjiurunt  rcluttOQ  to  the  nrthorhombic 
chloride.  Jnflt  an  in  the  cnwj  "f  th«  chlorides,  the  cubic  foiw 
ie  produced  when  an  excei«H  of  the  cai.<tinin  lialide  is  present, 
wbilu  tht)  second  form  is  deposited  when  this  excess  is  notu 
great  Unlike  the  coiTCMponding  chloride,  the  Becond  form  of 
the  bromide  ie  decomposed  bv  reor^tttallixution  from  water,  the 
salt  CallgjB''.  being  formed,  but,  us  will  bo  noticed  lieyoiirf, 
the  opposite  transfoniiatioti  can  bo  prodneed  by  rocryntallixing 
the  last  mentioned  salt  from  ulcohol.  The  Iitnita  of  fonni- 
tion  of  the  cubic  salt  are  wide,  but  it  k  difficult  to  prodncs 
the  other  form  in  a  pnre  state,  and  it  {a  po#«ilile  tlmt  the  uioDO-  I 
clinic  crystals  analyzed  were  mixed  with  a  small  quantity  (d  I 
the  onbcs.  I 

. FouiiJ  — -1  CsIeuUwd  to 

CuMc.    MoftocUate.  C«U«Br.. 

CsBsium 2:i-lR        flS-Sfl  aa-il 

Mercury 34n5         36'54  34.90 

Bromine 41'70         41*03  41-8B 


CsH(j,Br^. — The  recrystallization  of  any  of  the  other 
double-bromides  from  water  produces  this  salt,  and  it  can  be 
recrystaliized  indefinitely  without  decomposition.  It  forms 
very  small,  thin  plate.')  which  have  a  very  faint  tinge  of  yellof  ■ 
By  spontaneous  evaporation  of  a  in  other-liquor  from  a  recrys- 
taltization  of  this  salt  somewhat  larger  crystals  were  formed. 
Three  acparate  crops  were  analyzed. 


Found, 

C-alculated  lo 
CsHg.Br.. 

Cipsium.. 

.     14-60 

14  66 

I32J 

14 '26 

Mercury-- 

.     42-71 

42-87 

Bromine- 

.    42 -S  5 

42.87 

The  mother-! ifjuor  from  a  third  recrystallization  from  water 
at  about  l(i°  was  found  to  contain  01151  per  cent  of  ctesium. 
corresponding  to  solubility  of  0"807  parts  of  CaHg,Br,  in  lOO 
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irts  of  the  solntion.  The  salt  dissolves  rather  sparingly  in 
»t,  strong  alcohol  and,  on  cooling  this  solntion,  the  compound 
iHgBr,  separates  out. 

Calculated 
Found.  for  GsHgBrt. 

CflBsium 22-68  23-21 

le  crystals  thus  obtained  were  not  large  enough  to  measure, 
t  it  was  probable,  from  microscopic  examination,  that  they 
ire  the  raonoclinic  form  of  this  compound.  This  is  interest- 
5  from  the  fact  that  it  is  the  cubic  lorm  of  CsHgCl,  which 
fstallizes  from  alcoholic  solutions. 

No  satisfactory  crops  of  crystals  were  obtained  from  solu- 
►ns  made  with  CsHg,Clj  and  HgBr,  together. 


The  Double  Iodides. 

These  salts  are  all  yellow,  CsHgJ^  and  Cs,Hg,r,  having  a 
►lor  nearly  like  that  of  normal  potassium  chromate,  while  the 
hers  become  paler  as  the  csBsiiim  chloride  increases.  All  of 
lem  are  decomposed  by  water,  forming  compounds  containing 
ore  mercuric  iodide  than  the  original  salt,  or,  at  last,  mercuric 
•dide  itself.  It  is  therefore  possible  to  take  any  one  of  these 
aublcsalts,  and,  by  recrystallizing  from  water  and  evaporating 
le  resulting  solutions,  to  prepare  the  complete  series  of  five 
onble-iodides,  as  well  as  the  component  simple  iodides,  with- 
\i  the  use  of  any  new  material.  It  is  noticeable  that  the 
•dides  differ  from  the  chlorides  and  bromides  in  not  including 
salt  that  can  be  recrystallized  continually  from  water.  This 
Bcnliarity  is  doubtless  due  to  the  comparative  insolubility  of 
lercuric  iodide.  In  most  cases,  the  analyses  of  the  salts  con 
lining  iodine  show  an  excess  of  mercury  and  a  deficiency  of 
le  halogen  (or  halogens).  It  is  not  known  whether  this  was 
Qe  to  some  impurity  in  the  salts  or  to  analytical  errors.  It  is 
ot  considered  probable  that  inaccuracies  in  the  analyses  could 
ave  caused  so  much  variation  from  theory,  for  the  methods 
sed  were  the  same  as  for  the  chlorides  and  bromides,  except 
lat  alcohol  was  used  as  a  solvent,  and,  while  halogens  and 
lercury  were  always  determined  in  sepai'ate  portions,  the  sum- 
lations  of  the  analyses  were  usually  satisfactory. 

Ca^Hgl^, — This  salt,  like  the  corresponding  chloride  and 
omide,  requires  for  its  preparation  a  very  concentrated  solu- 
)n  of  the  caesium  halide  containing  a  relatively  small  amount 

the  mercuric  compound.  It  crystallizes  well  and  may  be 
tained  either  by  cooling  or  spontaneous  evaporation.  The 
rstals  form  peculiar,  steep  pyramids. 


Pound. 

CnlcLilat^d 
for  Cs.llgl. 

27-32       27-^9 
aiBT       21-21 
51-41       61-49 

S7-31 
20-5.1 

52-18 

100-30     100-09 

lOO'OO 
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Cttleulacvd 
Found.  (orrRiHKl,. 

Cffsium 33-02  :i2-3» 

Mercury la-sa  IC-21 

Iodine AO-42  5116 

99-77  100-00 

Its  specific  gravity  talceii  ir  benzol  was  fonod  to  be  4*t!05. 

When  this  gait  is  dissolved  in  a  email  quantity  of  Lot  water 
tlie  compound  Ce,FI^I,  cryetallizes  out  on  cooliii^,  bnt  witbi 
larger  quantity  of  water  evcrvtbing  remains  in  solution. 

C»,//y/,- — This  salt  is  produced  under  wide  limits  of  condi- 
tions by  cooling  eolutions  of  tlie  component  salts  when  cjesinm 
iodide  ia  in  exeees.  The  monoclinic  ciystals  vary  in  habit,  ' 
forming  long  priBiDB,  nearly  square  plates  or  intermediate 
forme.  Tliey  are  often  obtamed  of  very  large  size,  sometime  ; 
extending  eomplotely  acroea  the  bottom  of  the  veeeel  contain- 
ing the  solution  and  turning  upwards  at  the  ende  besides. 


Ctesium  . . 
Mernury  . 
Iodine  ... 


Two  determinations  of  the  specific  gravity,  taken  in  benwl, 
gave  the  niniibers  4'7ft9  and  4S12. 

The  salt  is  decomposed  by  water,  giving,  according  t(»  llif 
quautity  used,  either  one  of  the  salts  containing  more  mercuric 
iodide  or  mercuric  iodide  itself.  It  is  not  diseolved  or  decom- 
posed by  alcohol. 

CgHgl,  (,  11,0  f). — This  salt  ifi  formed  only  within  very  bit 
row  limits  from  solutions  containing  a  little  more  mercnrie 
iodide  or  water  than  those  from  which  the  preceding  salt  ii 
obtained.  These  conditions  are  perhaps  most  easily  reached 
by  dissolving  the  last  salt  in  a  smRll  aniotint  of  hot  water  snd 
cooline.  It  often  happens  that  the  three  salts  Cs,Hg,I„ 
CsIIg],  and  Cs,HgI,  are  successively  deposited  as  a  solotion 
cools,  and  it  is  consequently  difficult  to  obtain  the  salt  under 
consideration  in  a  pure  state,  but  this  was  accomplished  after 
a  great  many  trials  with  varying  conditiona  The  compound 
forms  very  thin  transparent  plates  which  usually  radiate  from 
a  point  and  are  often  of  large  size.  By  pressing  on  paper  tliev 
rapidly  become  opaque,  whether  this  le  caused  by  molecular 
re  arrangement  or  loss  of  water  of  crystallization  is  not  certain, 
for,  on  account  of  the  extreme  thinness  of  the  crystals,  it  wa; 
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)088ible  to  decide  whether  a  small  amount  of  moisture  or  a 
lecule  of  very  unstable  water  of  crystallization  was  present. 
0  samples  were  analyzed.  A  was  air-dried  after  pressing 
paper;  B  was  quickly  dried  on  paper. 

FouDd.        Calculated        Found.        Calculated 


A. 

for  CsUgl,. 

B.      for 

C8HgI,.H,0. 

Caesium 

18-81 

18-63 

18-26 

18-17 

Mercury 

29-29 

28-01 

28-74 

27-33 

Iodine   

61-50 

63-36 

60-98 

62-05 

Water   



0-00 

2.61* 

2-45 

99-60         100-00         100-48         1 0000 

e  all  the  other  iodides,  this  salt  is  decomposed  by  water. 
\Ilg^I^  is  formed  under  widely  different  conditions.  It  is 
Jt  convenient  to  prepare  it  by  dissolving  Cs,HgI^  in  the. 
per  amount  of  hot  water  and  cooling.  It  is  also  formed, 
I  finely  divided  condition,  by  treating  the  same  salt  with 
too  much  cold  water.  The  crystals  vary  considerably  in 
>it,  but  they  can  be  readily  distinguished  from  the  other 
ides.  A  characteristic  form  is  a  triangular  plate,  but  plates 
different  shape  and  more  or  less  elongated  prisms  often  oc- 
.  The  following  analyses  were  made  of  separate  crops. 
uple.C  was  made  by  treating  Cs,HgI^  with  cold  water. 


/ Found 

1. s 

B.            0. 

Calculated 
for  GssHgsIa. 

Cffisium 

..      13-89       

14-14     14-07 

14-13 

Mercury  _.. 
Iodine 

..     33-76       

..     62-07     62-10 

...      33-83 
52-03     62-96 

31-88 
63-99 

99-72 

100-86 

100-00 

Specific  gravity,  taken  in  benzol,  5  14.  The  salt  dissolves 
ilcohol.  It  is  decomposed  by  water  with  the  separation  of 
art  of  the  mercuric  iodide.  From  the  solution  thus  ob- 
led,  the  salts  containing  less  mercuric  iodide  can  be  pre- 
ed  by  evaporation. 

IsHg^I^. — When  a  hot  aaueous  solution  of  caesium  iodide  is 
irated  with  mercuric  iodide,  this  compound  is  formed  on 
ling,  but,  under  these  conditions,  the  substance  is  usually 
[ed  with  Hgl,  and  often  with  Cs,Hg,lg.  When  weak  alco- 
is  used  as  a  solvent,  however,  a  pure  product  is  obtained 
hout  difficulty.  It  forms  slender  yellow  prisms  which  be- 
le  red  on  standing  in  an  aqueous  mother-liquor.  They  are 
•e  permanent  in  the  solution  when  it  is  alcoholic,  but,  on 
ing  them  by  pressing  on  paper,  they  quickly  assume  th^ 

*By  loss  at  100^ 
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red  culor  of  of  mercuric  iodide  wltliout  Iodine  tlieir  form,  ft 
is  prohatite  tbat  tlie  apontaneoiiH  decomposition  reenlts  in  the 
formation  of  CsJIgJ.  and  Hgl,.  It  was  necessary  to  ansljw 
the  inatei'ial  which  hud  hiieotne  red. 

CNlcat>i(«d 
FtiiiiiJ.  lorCafls.It' 

Crosiuni 1I-4T  ir-lH 

Mpfcury SS-TS  84-26 

Iodine 52-93  54-88 


The  Mixed  Doublehalide*. 

A  great  deal  of  labor  has  been  devoted  to  a  study  of  th«e 

componiids  in  order  to  find  to  what  extent  thoy  could  be  pre- 

Cared.  The  results  show  that  cioBium  chloride  and  niercnn'c 
rotnido  unite  readily  although  there  ia  a  tendency  towards  an 
exchange  of  halogens  and  the  formation  of  unmixed  salts.  It 
is  also  noteworthy  that,  while  there  Is  a  double  ehlonde  as  well 
as  a  double  bromide  which  is  not  decomposed  by  reerystalliza- 
tion  from  water,  all  the  chloro-bromidi-e  finally  yield  mercnric 
bromide  when  bo  treated. 

The  nnmber  of  bronio- iodides  is  lew  than  that  of  the 
unmixed  euUs,  for,  when  attempts  arc  made  to  prepare  com- 
ponnds  coiitaiiiing  the  lurgcr  amounts  of  mercuric  iodide. 
there  is  an  exchange  of  halogens  and  almost  pure  double 
iodides  are  produced. 

Only  one  compound  of  mercuric  iodide  with  cfesium  chlo- 
ride could  be  prepared.  This  is  Cp,HgCl,I„  and  the  type 
to  which  it  belongs  may  probably  be  considered,  on  thl* 
account,  the  most  stable  one  of  the  csesium-mercnric  halides. 

It  is  evident  that  the  mixed  ealts  are  not  as  readily  formed 
as  the  unmixed,  and  that  the  more  dissimilar  the  two  halogens 
are,  the  less  tendency  there  is  to  form  the  mixed  componnd*.* 

In  preparing  these  salte,  containing  two  different  halo^Ds, 
the  halogen  of  higher  atomic  weight  was  always  added  in 
combination  with  the  mercury.  The  methods  of^  preparation 
are  exactly  analogous  to  those  by  which  the  unmixed  salts  are 
made,  so  that  most  of  these  details  will  be  omitted  in  (iescrili- 
ing  them. 

The   Chloro-broniides. 

In  form  these  all  resemble  the  unmixed  salts  between  which 
they  ai-e  intermediate,  and  all  of  them  are  colorless  exeeyt 
CsHgClBr,,  which  is  pale  yellow. 

u  trihalidcs.     (WelU  ac 
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Found. 

Caesium   48  12 

Mercury 20*80 

Chlorine 1624 

Bromine 1 1  '82 


Calculated  for 
CssHgClsBr,. 

4610 
23-11 
12-30 
18-49 


99  98 


100-00 


The  product  was  made  with  a  very  large  excess  of  csesium 
chloride,  and  it  contained  a  considerable  amount  of  the  double 
chloride.  The  analysis  corresponds  nearly  to  the  formula 
2C8,H^l.Br.+Ce,HgCI.. 

iJs^HgVl^Br^. — Two    products,   which   were    made    under 
different  conditions,  were  analyzed. 


Found. 

Caesium 40-34         38-86 

Mercury 2879  28-58 

Chlorine 12-94  10-48 

Bromine 17-43         2207 


Calculated   for 
CsaHgClaBr,. 

38-16 
28-69 
10-19 
22-96 


99-50 


99-99 


100  00 


One  of  these  crops  corresponds  very  closely  to  the  formula, 
while  the  other,  made  in  the  presence  of  a  greater  excess  of 
Cffisiom  chloride,  contains  a  little  Cs,HgCl . 

CsHgClBr^. — This  has  been  obtained,  like  the  chloride  and 
bromide,  in  dimorphous  forms.  One  of  these  is  cubic  like  the 
other  salts,  while  tne  second  form  crystallizes  like  the  chloride 
and  not  like  the  bromide.  The  color  of  both  varieties  is  pale 
yellow. 


Orthorhombic  form. 

Calculated  for 

Cubic  form. 

Separate  products. 

CsHgeiBr,. 

Ciesinm  . 

26-50 

2607     26-74     26-01 

25-17 

Mcrcurv 

38-75 

40-21      40-05     38-91 

37-84 

Chlorine 

9-23 

11-32      11-42        8-53 

6  72 

Bromine 

2521 

21-63     21-94     26-65 

30-27 

99-69 


100-13  100-15  100-10 


100-00 


These  products  evidently  contain  some  of  the  chloride. 
Tie  analyses  of  the  first  two  samples  of  the  orthorhomt>ic  salt 
3orrespond  closely  to  the  formula,  2CsHgClBra+CsHgCl,. 

CslIgJJlBr^, — Two  separate  products,  made  under  different 
onditions,  were  analyzecl. 
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CiBriain -   15-48 

Mercury     45"a 

Chlorine  _-_ 6-75 

Bromine 32-30 

flO'25 


45-00 
3-71 
36-08 

100-06 


Ul'T 

36-02  ■ 
10000 


VnRijfilBr^,. — Tliif  compound  was  prepared  by  recryrtil- 
Itzing  the  preceding  ealt  from  water. 

CalcolNRd  t«r 
Found.  Csflg,aBT„. 

Ctesiuni 6-23  S'Tfl 

Mercury 62-77  50-80 

Chlorine 2-85  1-80 

Bromine.-.    38-19  40-84 


100 -04 


100-00 


There  is  a  chloride  corresponding  to  tliis  ccunpound.  bnt  no 
bromide  was  obtained  of  this  type.  It  forms  eloncntfed  crj* 
IhIb  much  smaller  than  the  chloride.  The  final  pro3act,  wheo 
this  Halt  IB  reoryiitallized  from  water,  is  mercnrie  bromide, 

77(€  Sromo-iodidea. 
Only  three  of  these  compounds  have  been  prepared.  lVL«ii 
attempts  were  made  to  obtain  componnde  containing  liutfer 
amounts  of  mercuric  iodide,  there  was  an  interchange  of  halo- 
gens and  nearly  pure  double  iodides  were  formed.  Two  such 
products  were  aualyzed. 

Calculal^d  (or 
C8,Hg,I.. 
14-13 


CEesium  . 
Mercury 
Bromine  . 


,    14-69 
33-72 

2-19 
.   48-58 


100-18  100-00 


Calculnted  to 

Fouud. 

CeHg.I.. 

11-62 

u-as 

88-09 

34-25 

2-43 

0-00 

49-45 

5  4 -3(1 

99-59  1(1000 


Cit,f/i/Ji/;/,.— This  salt  resembles  the  iodide,  not  the  bro 
mide,  in  funn.  Its  color  is  a  pale  vellow,  intermediate 
between  the  brighter  iodide  and  the  colorless  bromide. 

Cnl ciliated  f"r 
Found.  CSiHgBr.l,, 

Crosium    3721  36-50 

Mercury 19-39  18-30 


Bro 


lide. 


,    25-1 


Icline l«-24 


21 '96 
2:1-24 
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\HgBrJ[^, — This  compound  has  a  very  faint  tinge  of 
ow.  It  is  apparently  dimorphous,  although  no  other  salt 
liis  type  has  been  made  in  more  than  one  form.  It  occurs 
rery  thin  plates,  like  the  chloride,  bromide  and  chloro- 
nide,  and  in  stout  monoclinic  crystals  like  the  iodide.  The 
ts  of  the  conditions  under  which  the  plates  are  made  are 
r  narrow,  and  it  is  difficult  to  obtain  tnem  free  from  the 
orphous  crystals.  As  the  solution  cools,  however,  the 
es  are  deposited  first,  and,  with  the  proper  dilution,  it  is 
ible  to  remove  them  and  get  the  mother-liquor  pressed  out 
I  paper  before  the  other  crystals  begin  to  form.  There  is 
difficulty  in  preparing  the  other  modification  of  the  com- 
nd. 

/ Found. V 

Orthorhombic  Calculated  for 

Thin  plates.  crystals.  CsaHgBrals. 

Caesium 30-71  30-2n  30-23 

Mercury  ...   24-14  23-86  22T3 

Bromine  ...  21-05  17-91  18-18 

Iodine 24-23  28*50  28-86 


100-13  100-47  100-00 

b  is  noticablc  that  the  plates,  which  resemble  the  bromide 
*orm,  contain  a  small  excess  of  bromine  and  a  correspond- 
deficiency  of  iodine. 

^IlgBrl^, — Only  one  form  of  this  compound  has  been 
pared,  although  three  other  salts  of  this  type  are  di- 
•phous.  Its  form  is  monoclinic,  like  one  modification  of 
bromide,  and  it  is  pale  yellow  in  color. 

Calculated  for 
Found.  CsHgBrla.   . 

Caesium 2026  19-94 

Mercury 31-44  29*99 

Bromine 1335  11-99 

Iodine 34-39  38-08 


99-44  100-00 

The  Chloro'iodide,  CsJlgClJ^. 

Phis  is  the  only  combination  of  caesium  chloride  and  mer- 
ic  iodide  that  could  be  produced.  It  is  formed  only  in 
y  concentrated  solutions  containing  a  great  excess  of 
iam  chloride.  Its  form  is  different  from  any  other  salt  of 
type,  for  it  occurs  in  slender,  radiating  needles.  It  is 
wr-white  in  color,  and  when  it  is  brought  in  contact  with 
er  it  instantly  becomes  bright  red  from  the  formation  of 
curie  iodide.     Two  entirely  separate  crops  were  analyzed, 
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CitlCUltltHi 

CwBium 33-a8  aL"lt  3i!-6J 

MiTCiiPy 2(J-"l          as-KS 

Clilorine 8-87  BOl  SOr 

lotlliio  .„ 3l)'85  3017  32-1 


fiB-Rl  lUO-OU 


1 

ill 
-1 

■uiituiiilnj 
ble-iodidi 

I 


When  it  was  attempted  to  make  a  cliloro-iodkle  foiituiiiinj 
moi-e  mtrcuric  iodide  tiiaii  tbis,  s  nearly  pure  di>uble-io(ii4|l 
was  foniied  hy  exdmtige  ot'  halogens. 

C»l  filiated  fg 
Found.  Cs,H^iI.. 

Cjeviuiu   _ 13'76  U-13 

3I.reury 3S'4a  •1l-«8 

Chloiine ti-115  O-OO 

loilitiu - m-u 

Ott-lS  10000 

The  iavesti^lion  of  dnuLle-halidos  will  be  continued  in  this 
laboratory,  arid  it  is  hoped  that  a  further  study  of  the  c^siimi 
salts  will  lead  to  a  better  knowledge  of  this  class  of  compoiimls 
generai  than  we  now  f^o»ses6. 

Ill  concliisinn,  it  gives  me  pleasure  to  express  my  gi-stitiido 
to  my  colleagDD,  Professor  Penfield,  for  Iiig  hearty  ctiiiperatioii 
in  undertaking  tlie  crystal  lographie  examination  of  tliL":!)!!!' 
pounds  which  have  been  deBGrii>ed.  His  resnlta  have  heen 
freely  used  in  tho  forcgniriir  descriptions,  and  they  will  be 
given  in  detail  in  a  fntui-e  article. 
Sheffield  Scientific  School,  N"ew  Haven, 
Conn..  Mht,  1892. 


Art  XXX. — On  the  relations  of  the  Lattreutian  and  Iiur<'H 
/.an  fin  the  Xort/i  ^i<h  of  Lake  Huron  ;  by  Alfred  E 
Earlow. 

[Publislieri  by  permi^^aion  uf  Dr.  SeUvyn,  Director,  Geological  Surrey  of  Camda. 

In  this  .rimriiid  for  ilaith,  1S!*2,  there  appears  an  ai'tieleo' 
"Tlif  StriiL-tiiral  Ilelatiuiis  of  tlic  Ilurouiaii  and  Basemen 
Coini)!c'-\  1.11  thu  X.H'th  side  of  Lake  Huron"  by  JVIoss-rs.  Pun 
pellv  aiul  \'vn  llisc.  On  p:ige  -'-'S  they  refer  to  an  article  b 
ni';  "On  tlitj  ('.iritaft  liutweon  iIil-  [.aurt-ntian  and  Iluronia 
iKTth  of  Lnke  Huron"  which  was  puhli.-^hed  in  the  America 
(ieolofji^t  (vi.l.  vi,  1S90.  pp.  l!)-;-!-ii  Tlu-  region  to  wbi< 
my  papvr  referred  inif^dit  b^'tter  have  been  defined  as  north-es 
rather  th;iii  north,  as  the  descriptiiins  related  only  to  certa 
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of  tbe  line  of  junction  between  Lakes  TemiEcaming 
ache,  the  latter  locality  being  over  one  hundred  tiiilea 
PheasaloD,  near  which  Messrs.  Pmnpelly  and  Van  Hise 
i  the  contact.  The  endeavor  to  correlate  two  eeriee  of 
learning  rocks  so  far  separated  geographically  after  a 
i  hurried  visit  and  over  a  limited  area  has  only  led  to 
nfusion  and  mifiunderstanding.  Their  description  of 
of  jnnction  between  the  granite  and  cryBtallinc  schists 
tiire  very  freouently  oliserved  in  the  Laurendan  (or 
t  complex).  These  schists,  however,  do  not  in  the 
emble  the  micaceous  schists  and  qoartzites  described  by 
uronian  in  contact  with  the  Laurentian  gneiss,  for  those 
d  by  Pumpelly  and  Van  Hise  show  no  clastic  strnetiire 
r  and  seem  always  to  belong  to  the  basement  complex 
dan)  with  which  they  are  associated,  while  the  frag- 
>rigin  of  those  described  by  me  may  readily  be  seen  in  the 
in  thin  slice  under  the  microscope.  Beautiful  examples 
node  of  occurrence  of  the  Laurentian  schists  may  be 
he  Murray  Minc,on  the  niaio  line  of  the  Canadian  Pacific 


.  three  miles  and  a  half  northwest  of  Sudbury.  Here 
iblende  schists  or  arnphibolites  are  seen  embedded  in  a 
lored  gneissic  granite,  the  pseudo-eonelomeratic  appear- 
is  produced  being  sometimes  very  marlted.  {See  Fig.  1). 
■cases  the  hornblende  schists  occur  in  lenticular  patches 
rallel  to  one  another.  (Sec  Fig.  2.)  Prof.  G.  H.  WilliainB 
wrt  Geological  Snrvey  of  Canada,  Part  F,  1891,  p.  78) 
hese  arnphibolites  among  the  undoubted  eruptives  and 
scribes  them;  "A  fine  grained,  very  dark  green  or 
lack  foliated  rock  containing  a  much  coarser  felspathic 
itic  vein.    This  is  a  closely  interwoven  aggregate  of 
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green  homhlende  and  brown  biotito.  The  foliation  is  produced 
by  the  approximate  parallelism  in  tho  cleavage  directions  of  the 
miiierulK.  Tlie  only  other  const ittientti  visible  under  the  micro- 
»copti  ttre  qiiurtx  and  ihtienite  Biirniniiiled  by  veins  of  apiiens 
(lencoxene).  Of  the  orig:in  of  tliis  rock  we  can  aay  nothing 
now  with  certainty.     It  may  well  have  resulted  from  the  a- 


treme  metamornhiRm  of  sumo  basic  eruplivu,  but  from  a  small 
specimen  like  this  it  is  unsafe  to  draw  any  such  conchtsiou. 
Tlie  fcldsputhic  voiu  is  a  much  coarser  aggregate  of  ']uutt, 
ortboolase  and  [>lafnoc]a8e  with  a  little  green  nornblende.  The 
feldspar  has  many  minute  hornblende  needles  secondarily  devel- 
oped in  it,  but  otherwise  the  rock  ap]jears  like  a  fresh  granite." 

The  eruptive  origin  aseigned  to  this  rock  by  Prof.  Williiiuis 
would  seem  to  agree  with  its  relations  in  the  field  and  on  ac- 
count of  its  intimate  aesociation   with  g^ranitoid  gneisses  ve 
have  clasited  it  with  the  Laurcntian  and  so  colored  it  on  the 
recent  maps  issued  by  the  Canadian  Survey  of  the  Sudbnry   j 
Mining  District.     These  geuCtemeu  also  make  me  state  tlmtl 
"drew  the  conclusion  that  nowhere  on  the  north  shore  of  Lake 
Huron  are  any  detritala  which  arc  later  than  and  rest  nncon- 
formably  upon  the  basement  complex,"  when  in  the  article  if  I 
distinctly  described  (see  p.  37,  American  Geologist,   Vol,  VI,  I 
1890)  a  thinly  bedded  slate  conglomerate  resting  upon  the  up-  ' 
turned  edges  of  the  Lanrentian  gneiss  on  An  ni  ma- Ni  pissing  \ 
Lake. 

Briefly  then,  the  Huronian  System  may  be  regarded  as  the  , 
oldest  series  of  sedimentary  strata  of  which  we  have  at  present  , 
any  knowledge  in  this  district,  while  the  Laurentian  gneiss  or 
basemeut  complex  is  the  original  crust  of  the  earth  or  the  firm  i 
floor  on  which  the  first  sediments  were  laid  down.  The  com-  , 
position  of  tliis  floor,  Judging  from  the  overlying  strata,  would 
be  closely  iinalogoiis  to  granite  and  the  laminated  pebbles  in 
the  slate  conglomerates  indicates  that  this  basement   had  in 
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AD  J  places  a  foliated  or  gneissic  structure.  The  immense 
"easure  exerted  by  the  overlying  stratiform  material,  and  the 
umpling  folding  and  fracturing  of  the  comparatively  thin 
id  weak  crust  consequent  on  the  earth's  cooling  would  aU 
nd  to  sink  large  portions  of  the  Huronian  below  the  line  of 
gion,  the  submergence  of  which  would  produce  conditions  of 
ntact  such  as  I  nave  described  to  the  north-east  of  Lake 
aron  and  which  subsequent  upheaval  and  denudation  have 
posed. 

At  other  places  the  basement  complex  may  have  remained 
idisturbed  so  that  the  overlying  detritals  though  somewhat 
:ered  have  not  been  intrudea  or  pierced  by  the  granitic  mass 
!neath.  The  latter  doubtless  have  been  the  conditions  which 
stained  in  the  localities  visited  by  Messrs.  Pumpelly  and  Van 
166  north  of  Lake  Huron  and  by  me  on  Annima-Nipissing 
ika  The  explorations  of  the  past  two  seasons  have  served  to 
»nfirm  the  opinions  expressed  m  the  paper  published  in  the 
merican  Otologist  and  as  the  region  tnen  under  examination 
is  just  been  finished,  I  hope  to  move  farther  west  during 
le  coming  summer  and  explore  the  district  visited  by  these 
sologists. 

Before  closing  I  would  like  to  take  exception  to  the  various 
rief  visits  paid  to  certain  so-called  "  typical  localities,"  as  the 
arried  examinations  thus  made  must  always  lead  to  confusion. 
[ad  Messrs.  Pumpelly  and  Van  Hise  written  to  me  I  would 
ave  been  only  too  eager  to  accompany  them  to  the  many  points 
f  geological  interest  exhibited  in  this  district.  It  is  often  so 
asy  then  to  reconcile  seemingly  opposite  views,  whereas  a 
jtter  in  reply,  no  matter  how  written,  only  leads  to  endless 
od  sometimes  useless  discussion. 


LRT.  XXXI. — Some  Convenient  Forms  of  Laboratory  Appa- 
ratus ;  by  F.  A.  Gooch. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XVI.] 

Burette  Clip, — A  simple  and  eflfective  device  to  replace  the 
Irdmann  float  (which  has  well-known  disadvantages)  in  getting 
xact  burette  readings  is  made  by  cutting  thin  springy  brass, 
r  copper,  or  other  metal  to  the  form  of  a  letter  H,  shaping  it 
I  shown  in  fig.  1  so  that  it  will  cling  to  a  burette  with  the 
iDSB-bar  vertical,  and  fastening  to  the  cross-bar  a  fold  of  white 
iper  ruled  longitudinally  with  a  heavy,  sharply  defined,  dark 
Qe.  The  clip  may  be  made  to  hold  firmly  to  any  burette, 
bile  capable  of  easy  upward  and  downward  motion,  and  is 


F 
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readily  removalile  and  replaceable  when  it  be- 
comes necessary  to  pas^  tliv  |>oiiit  uf  snpport  of 
Mio    hurette.     The   mfraytivf   action    of  tlie 


npoii 
the 


ie  held  ! 


1<:tckgroi]od  acU  jiiBt  as  in  the  enamelled 
liUTL'ttes  which  have  recently  come  inro  use,  and 
nerves  tti  define  esac^tly  the  level  of  the  liquid. 
Krrora  of  parallax  In  observing  are  enfeilv  avoided 
hv  placing  the  eye  in  such  position  beiore  read- 
ing that  the  fi-ont  eegment  of  the  circle  nearlv 
'■oinpleted  by  the  ed^  of  the  nppfrrin/  fala 
into  coincidence  in  perspective  v^ilh  the  biek 
Bej(nient  as  §hown  in  the  fiffiire. 

Apmratua  mqiport — The  simple  device  illas- 
trnted iiifi]^,  2Hnd  tig.  Shasboeu  iu  uHoforficveral 
VL'tira  in  this  laboratory  wherever  a  rod  tiupport  is 
ileairable  and  ham  ahnoot  entirety  replaced  the 
iiiovablo  stand  which  otndents  neually  find  od- 
wieldy  and  dilHciilt  to  dispoce  of  in  limiKd 
>^pace.  The  brass  fitting  into  which  is  cnt  a 
clroriy  Bcrew  thread,  as  shown  in  fie.  2,  ie  set 
directly  in  the  face  of  the  work  taldc  witbitt 
npper  snrface  flush  with  that  of  the  tnhle,  and 
ipfl  firmly  by  screws  if  the  table-top  i*  of  wood,  or 
by  boltfl  and  nuts  if  the  table  top  is  of  Boajxitonc  or  other 
material  wliicb  doea  not  afford  holding  ground  for  ordinjrT 
screw:!!.     Iron  lodi?  of  sizes  and  lengths  suited  to  holding  nil 

^  sorts   of   apparatus,    from    tlie   lighter    | 

forms  used  in  elementary  laboratory  i 
instruction  to  the  heavier  lecture  appi-  I 
ratus,  are  cut  with  screws  matching  the  I 
thread  of  the  brass  tilting  and  may  be  set  | 
tirmly  in  place  as  shown  in  the  figurei  I 
The  rods  are  of  course  interchange- 
able as  occasion  may  require.  When 
-'  stripped  of  apparatus  the  rod  takes  up  very  little 

Mj  table  space,  but  if  a  clear  table  is  desired,  it  'a 

j^fA  ^p^tfc.     easy  to  remove  the  rod  by  means  of  tongs  kept 
(J^    \Jf    *S^  at  hand  for  the  purpose  in  the  laboratory  tool- 
box.     This  device  is  neat,  inexpensive,  and 
easily  made  by  any  worker  in  brass  and  iron. 
■St-'aiii  ec'iporaf-or. — A  convenient,  simple  and  inexpensivt 
form  of    individual   steam-bowl   is   easily  constructed  in  the     i 
form  shown  in  fig,  4  wherever  steam  connections  are  available. 
An  ordinary  glass  funnel  of  suitable  size  is  hung  iu  an  iron     i 
ring,  for  holding  wliicb  the  rod  support  previously  described     | 
serves  admirably.     The  stem  of  the  funnel  is  cut  off  short  and    1 
a  T-tul<e  is  attached  as  shown,  set  in  a  short  piece  of  rubber  tub- 


^      ^>  ^         ■ 
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3  lower  end  of  the  vertical  branch  bent  to  make  a 
vhile  the  horizontal  branch  is  connected  with  the 

J'.     A  pipe  to  convey  away  the  condenBed   water 
OWB  from  the  trap  is  a  convenience,  but  in  tiie 
drip-pipe  any  eaitable  receptacle 
a  similar  purpose.      Ordinary 

ingB  adapt  the  funnel  to  vessels 

izefl,  but  the  funnel  itself  serves 

I  holding  several  difierent  sizes 

.tomed  dishea    The  transparency 

il  makes  it  possible  to  regulate 

apply  so  as  to  secure  the  maxi 

ig  enect  without  saturating  the 
atmosphere  with  waste  steara. 

f  it  is  desirable,  several  of  these  ■ 

may  be  hung  to  the  same  rod. 

washer. — Various  forms  of  mercnry-washing  ma- 
been  proposed  and  need  with  success.  The  par- 
here  described  and  shown  in  fig.  5,  differs  essen- 

its  predecessors  only  in  the  degree  of  fineness  to 

mpure  mercury  is  reduced  when  it  is  brought  into 

1  the  purifying  medium.      In  this  apparatus  the 

cury,  liquid  enough  to  flow  readily,  runs  of  its 
from  the  uppermost  funnel  through  the  supply 

!iBS  atomizer  through  the  other  arm  of  which  corn- 
is  admitted  in  force  sufficient  to    break  the  thin 

nercury  to  5 

ThuB  "thor- 

imminnted, 

ag  the  max- 

ce  to  the 


1  which  it 
illed  water, 
to  the  dry 
Funnels 
mtlet  tubes 
sr  stoppers, 
.  the  figure 
for  contain- 
,  and  the 
ket  device 
jove  serves 
rt  for  the 
In  tlie  case 
cular  appa- 
I  have  used 
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the  air  was  admitted  to  the  atomizer  nnder  a  pressure  of  aboid 
one-third  of  an  atnioephere  ahove  the  ordinary. 

Certain  experiniente  made  to  determine  whether  feme 
chloride  or  chromic  acid  mi^ht  be  nsed  in  the  paritier  Instad 
of  dilute  nitric  acid  ehowed  that  the  Bnperficial  effect  of  the« 
reagents  upon  the  extremely-  finely  comminuted  mercury  pre- 
ventfi  the  reunion  of  the  particles  even  when  submitted  to 
considerable  preseure.  When  dilute  nitric  acid  is  employed 
no  such  difficnlty  arises. 


Art.  XXXII. — JVoU  on  tfif  change  of  electric  conduetivHj 
obterved  in  rock  magmas  of  djfferaii  composition  on  pa» 
ingfroiii  liquid  fei  solid;  by  Oarl  Babos  and  Josbph  P, 
Iddinqs. 

[Published  by  peroitsaiou  of  tli»  Director  of  the  U.  S.  Geolo^cal  Sam/.] 

§  1.  Introd iiJitinn. — The  chemical  composition  of  rock  mag- 
mas and  the  process  and  results  of  their  crystallization  and 
solidification  have  been  studied  with  more  or  less  thoronglmew; 
but  direct  investigation  of  their  physical  properties  hae  not  been 
systematically  undertaken  until  recently. 

ConcepttoBs  of  the  physical  nature  of  molten  roeJc  ma^mu. 
however,  have  been  obtained  by  observing  the  phenomeiwDt 
their  crystallization,  and  by  pointing  out  analogies  between  the 
latter  and  the  behavior  of  arjueons  solutions,  and  of  luetalliu 
aliovH. 

I^vidences  that  n  chemico- physical  differentiation  of  molten 
magmas  was  the  cause  of  chemical  differences  in  igneous  rocks, 
which  evidences  have  been  reviewed  by  one  of  us  in  a  paper  on 
tliL-  origin  of  such  rocks,*  have  led  to  the  further  aiialugy 
between  this  process  of  d iSerentiation  and  the  concentration 
and  partial  dissociation  of  salts  in  aqueous  solution.  They  also 
Bugjjestttd  the  possibility  of  testing  tlie  fact  of  dissociation  bj 
electrolytic  investigation. 

The  method  employed  was  the  determination  of  the  eleetrit 
resistance  encountered  by  a  current  in  passing  through  fiised 
rock  magniii,  whose  teiniMjrattirc  was  gradually  lowered.  Tli* 
investigation,  though  of  a  |)reliininary  chai-acter  has  been  pri"- 
dnetive  of  such  detiiiite  rt-sults  that  we  have  embodied  thdu 
ill  the  present  paper  in  order  that  they  rnay  become  known  i' 
early  as  ]>ossible. 

§  2.   Ohsei-imtimis. — The  following  table  contains  typical  ex- 

•.T.  i'.  Iddiiip?-     Tlip  origin  of  igtifOiis  rock?,  Bull.  Phil.  Soc.    Washiugton.  ^■. 
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iples  of  sixteen  series  of  electric  mQasarements  made  with 
ree  kinds  of  rock  magmas,  which  cooled  slowly  in  a  furnace 
>m  the  molten  state.  Temperatures*  and  resistances  were 
ted  simaltaneouslj  ev^erj  two  minutes  during  each  series. 
le  resistances  were  measured  bj  Kohlrausclrs  method  of 
terraittent  currents.  The  data  for  mean  temperatures  are 
36ely  accordant,  but  at  very  high  temperatures  and  at  low 
mperature  sharpness  is  lost,  owing  to  polarization  and  to  the 
imense  range  of  electrolytic  resistances  encountered.  These 
fficulties  are  largely  unavoidable,  although  our  method  is 
pable  of  much  improvement.  Reductions  to  absolute  values 
e  approximate. 

Table  I. 

Table  1.  The  specific  electrolytic  resistances  of  rock  magmas^  varying  with  tempera- 
ture and  composition. 


1.  Acid  magma.          1 
75-50  per  cent  SiOj. 

2.  iDtermediate  magma. 
61-6  per  cent  SiOa. 

3.  Basic  magma. 
48-6  per  cent  SiO,. 

Tem- 
rles.  i>eratare. 

I 
Resistance. 

Series. 

■  «  • 

xm 

Tem-                           ( 
peratare.  Resistance.   ; 

°C   ohms  X  10* 

Series. 

•  •  • 

VUl 

Tem- 
perature. 

^C   oil 

Resistance. 

dv     °C    ohms  X  10* 

imsXlO' 

1640 

1-8 

1430 

1-8 

1400 

2-9 

1320 

2-2 

1260 

2-5, 

1280 

4-4 

1164 

2-9 

1114 

4-2 

1124 

5-4 

1086 

31 

1034 

6-3i 

1050 

14-7 

1011 

3-8 

956 

8-8 

995 

27-8 

948 

4-7 

894 

13-4 

939 

54-7 

890 

6-5 

843 

20-0| 

883 

94-0 

827 

8-0 

754 

46-4 

834 

152 

787 

11-6 

715 

70-2 

792 

227 

746 

15-3 

680 

105 

754 

321 

705 

21-6 

643 

158    i 

723 

432 

665 

29-5 

608 

239 

692 

602 

626 

41-3 

580 

344 

645 

1000 

598 

53-8 

552 

497 

612 

1400 

582 

64-2 

496 

1140    . 

560 

82-2 

1 

533 

114 

504 

166 

i 

467 

281 

444 

417 

1 

426 

584 

395 

1060 

i 

355 

2540 

1 

4 

320 

5700 

1 

The  results  of  these  observations  have  been  plotted  as  in 
le  diagram,  fig.  1,  the  ordinates  being  specific  resistances  in 

*  Regarding  temperature  measurements  see  Phil.  Mag.,  July,  p.  1,  1892. 
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inegobme,    tlie   abscissre    tempemtiires   in   "C.      The    cnrv 

are  namlien 

(I).  (2),  (3),  as  ill  Table  I.  relativeljf  to  the  magmas.     Belwee 
10W°  and  1500°  the  poiiitu  lie  bo  near  the  axie,  that  a  discrim 
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1               \ 
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sr- 
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Legends. 

Fto.  1.   Chart  showing  the  relntioo    ot   the   specific    electrolytic    re-fistsni* 
(megohms,  n)  to  Temperntiire  (T),  in  caae  of 

(1)  An  add  mRKiiia. 

(2)  An  interoicdinte  lUHKmn, 
(:i)  A  bnsic  niiipriiia. 

(4)  ZiDi^  <>iil|)b.iti},  COT) eeot rated  nc]iioou3  solution       RexiKtnncc  rebtiv^. 
Flu.  2.  Crucilile  iind  a|)purtoiiHnces  with  the  fiiruace  nithdraivii: 
(laii.  rock  magnm  iii  pialioiini  crucible; 
p,  tul)u1iir  platiniini  electrode; 
I,  iiiijiilnUir  iSri' elay}  of  the  thermocouple  ; 
n,J.  thermocouple  witli  its  jiinrtion  at  'i : 
ee',  electrolytic  current  (intermittent). 

nation  is  no  longer  poseible.  This  can  be  done,  however,  bj 
expressing  the  variations  of  conductivity  with  temperature  foi 
the  interval.  It  i,s  liere  omitted  because  it  leads  to  no  novel 
ties.     The  corresponding  curve  for  a  concentrated  aoliitiono 


in  Rock  Mctgmaa  on  passing  from  liquid  to  solid.       246 

snlphate  in  water  has  been  added  for  comparison.  Here 
ordinates  are  ratios  in  terms  of  the  resistance  of  the  soln- 
at  100°.    Points  above  100°  were  obtained  nnder  pressore. 

2  explains  itself. 

series  of  observations  with  another  basic  magma  gave 
>borative  evidence.  The  only  electrical  indication  of 
>n  was  found  in  the  case  of  the  basalt  (3).  It  was  some- 
b    above    1100°,   but  is  not  certain.      The   rhyolitic  or 

magma  (1)  changes  character  suddenly  below  500°,  for 
)ns  probably  accidental  which  must  be  further  examined, 
his  rock,  which  is  very  viscous  even  at  1600°,  it  is  almost 
>£sible  to  free  the  magma  of  gas  bubbles.  We  have  not 
I  able  to  make  allowance  for  volume  expansion  of  the 
ma,  and  the  residual  errors  are  in  keeping  with  this  omis- 
Finally,  without  sacrificinfi^  accuracy  of  temperature 
surement,  it  is  difficult  to  make  the  electrodes  sufficiently 

3  in  area  to  exclude  polarization. 

3.  The  magmas, — The  magmas  investigated  represent 
e  phases  of  igneous  rocks  5om  the  same  region.  The 
is  a  rhyolite;  the  second,  a  crystalline  andesite  or  por- 
rite ;  and  the  third,  a  basalt.  The  chemical  composition  of 
rocks  is  shown  by  the  following  analyses  made  by  Mr.  J.  E. 
itfield. 

I.  II.  III. 

SiO, 75.50  61-60  48-49 

TiO none  none  2-19 

A1,0, 13-25    '         17-42  18.35 

Fe,0, 1-02  4-66  7*63 

FeO -91  1-09  1-21 

MnO none  tr.  none 

CaO -90  5-33  10-40 

MgO 07  1-26  6-72 

Li,0 -06  -03  -02 

Na,0 4-76  3-99  3-02 

K,0 2-85  1-29  -57 

PO^ none  -60  -20 

SO     -32  -36  -52 

H,0 -41  2-44  -67 

100-05  99.96  99-99 

he  three  magmas  clearly  form  the  middle  and  extremes  of 

emical  series. 

^hen    heated  in  a  platinum  crucible,    the  basalt  melts  at 

it  1250°  to  a  fluid  which  at  slightly  higher  temperatures 

•mes  quite  liquid,  and    upon  solidification  forms  a  black 

I  that  is  brown  in  the  thinnest  edges  and  is  without  gas 

)le8. 
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The  porphyrite  when  heated  decrepitates,  and  afterwit^ 
fusen  in  the  neighborhood  of  1400"^,  but  does  not  become  m 
liqnid  as  the  basalt  for  like  temparatnres.  It  solidifies  aa  a 
dark  brown  glaee  with  some  gas  bubbles. 

Thij  rhyoUte  melts  at  aboat  1500°,  but  remains  quite  viwM 
at  1700°,  and  eolidiliGB  as  a  gray  gla«a  filled  with  minute  ||;u 
bubbles. 

The  amount  of  gan  bubbles  serves  as  an  indication  of  tb 
relutivo  viscosity  of  the  di£Eerent  magmas  at  the  tcmperatnra 
to  which  they  were  snbjocted. 

^  4.  Rdaiion  to  temperature. — In  making  the  present  de- 
ductions the  outspoken  parts  of  the  data  of  Table  I  can  alone 
bo  taken,  viz:  in  case  of  the  mugma  (1)  between  Eton"  «id 
600° ;  in  case  of  (2)  below  1034°,  and  in  case  of  (8)  between 
1134"  and  692°,  Careful  Bcrutiny  of  the  relation  of  reeiBUnce 
to  temperature  then  shows,  that  the  ratio,  dr/dt,  of  c^trrcspoud- 
ing  decrements  of  speciHo  resistance,  —dr.  and  of  tcmiierattire, 
dt,  is  proportional  to  the  oorrosponding  resistance  at  ine  «>eii 
temperatiiro.  In  other  wonls  we  have  —  ,■'  =  a  +  bt,  w&enw 
/n{«  +  Ar)=c-6i  _ (i) 

where  a,  b,  o,  are  constants.      Relative  to  Table  I  these  vala» 
are  approximately  {r  in  megoliins) 

(I)  W  (3) 

a —-10  —OS  +-08 

b -0134  0125  -0091 

c 7-fiO  HT8  7'9fi 


It  is  probable  that  a  merely  reflects  the  errors  of  observation 
and  that  its  real  value  is  zero.  The  constant  J,  which  is  an 
index  of  the  composition  will  be  discussed  in  |g  5,  6.  The 
quantity  c/b,  which  is  a  temperature,  has  no  apparent  meaning- 
These  results  are  exceedingly  interesting  since  a  relation  simi- 
lar to  equation  (1)  was  found*  for  the  thennal  variation  of  the 
viscosity  of  a  highly  viscous  body  like  pitch.  Again  the  acid 
magmas  at  least,  betray  no  evidences  of  circuraflexure,  or  anj- 
thin}>  that  would  be  an  electrical  index  of  polyraensm  or  melt- 
ing point.  An  aqueous  solution  of  zinc  sulphate  carried 
nnder  pressure  through  a  large  interval  of  temperature,  shows 
changes  of  resiatancet  quite  akin  to  the  present  In  both 
oases,  therefore,  we  have  similar  solution  phenomena,  exhibit- 
ing a  thoroughly  regular  change  of  the  electrical  character 
with  temperature. 

Moreover  the  nature  of  the  law  embodied  in  equation  (1), 
for  BJHcates,  the  enormous  range  of  temperatures  to  which  they 
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lan  be  exposed,  the  extreme  sensitiveness  of  the  electrical 
ndications,  and  the  simplicity  of  the  necessary  apparatus, 
nggest  a  method  of  pyrometry  specially  available  for  tempe- 
atnre  approaching  the  melting  point  of  platinum.  One 
roald  obviously  select  an  exceedmgly  acid  magma,  both  be- 
ause  of  its  relatively  great  infusibility,  and  because  of  the 
K5currence  of  the  maximum  of  uniform  electrical  conduction, 
n  such  a  case,  as  virill  be  shown  in  the  next  paragraphs. 

§  5.  Helatwns  to  chemical  composition.  —  Endeavoring  to 
nterpret  these  results  virith  reference  to  their  chemical  bear- 
ng  by  means  of  Kohlrausch's*  law  we  are  handicapped  at  the 
mtset  because  the  rates  of  procession  of  ions  (Hittorf's 
*  tJberfiihrungszahlen  ")  in  silicate  solutions  are  not  known. 
[n  other  words  the  quantities  expressing  the  velocity  of  either 
ion  relative  to  the  combined  velocities  of  both  are  unknown. 
We  cannot  even  state  what  the  structure  of  the  electrochem- 
ical equivalents  may  be.  It  makes  a  difference  whether  the 
cations  travel  singly  or  in  groups,  or  whether  the  anions  be 
JSiO^  JSiO^,  etc.,  singly  or  combined.  We  could  not  there- 
fore express  more  than  a  mere  opinion  relative  to  the  velocities 
of  the  ions,  even  if  the  specific  molecular  conductivities  were 
computed.  Nevertheless,  in  the  face  of  these  diflSculties  we 
are  able  to  deduce  certain  striking  results  insomuch  as  the 
method  of  this  paper  is  one  in  which  the  cation  is  brought 
gradually,  and  as  nearly  as  possible  to  vanish  in  amount.  An 
index  of  acidity,  independent  of  temperature,  is  given  by  the 
constant  h  of  equation  (1).  We  regard  the  anions,  whatever 
their  specific  structure  may  be,  as  identical  in  the  three  mag- 
mas examined ;  and  the  cations,  from  the  large  number  of 
elements  contained  in  the  magmas,  as  possessed  of  a  common 
or  average  property. 

Several  general  deductions,  however,  may  be  drawn  from 
the  work,  incomplete  as  it  is  at  present.  In  the  first  place. 
Table  I  shows  strikingly  that  electric  conduction  increases  with 
the  degree  of  the  acidity  of  the  magma,  that  is,  with  the 
d^ree  of  dilution  of  the  cation.  And  since  fusibility  de- 
creases in  a  marked  way  as  the  composition  of  the  magma 
approaches  pure  silica,  it  follows  that  in  a  series  of  dijferent 
magm/is  electric  conduction  at  any  given  temperature  increases 
in  proportion  as  the  viscosity  increases. 

Thus  the  most  acid  of  the  rocks  investigated,  (1),  is  a  stiff 
paste  above  1500,°  whereas  the  basalt,  (3),  can  be  poured  at  a 
temperature  much  below  1300°  ;  and  yet  the  rhyolite,  in  vir- 
tue of  its  acidity  is  a  better  conductor  than  basalt  at  any  given 
«mperature. 

•  Kohlrausch,  Wied.  Ann.,  vi,  pp.  145  et  seq.,  1879. 
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The  table  also  shows  that  the  condiictivilir  of  rook  m8£;Di«t 
at  high  temperatures  ie  coDBiderable  even  wheu  they  luve 
paesed  froui  a  liquid  to  a  solid  state,  that  is,  when  tliey  eiist 
as  highly  heated  glaescH. 

In  general,  thurefore,  a  thoroaf;li  vb»n^  of  chemical  etrnfr 
ture  tlirongh  ionic  diffusion,  whether  directed  by  an  electric*! 
field  or  otberwiae,  must  be  an  easy  possibility  in  a  sufficiently 
temperatared  but  otherwise  solid  magma. 

§  6.  Tho  second  point  ^ined  is  ihuih; specific.  Koblrauach* 
lias  shown  that  tliB  contribution  of  a  sinfrle  jon  iu  promoting 
elecirical  conductivity  decreases  with  the  nnmber  of  iona  pre* 
ent.  In  other  words  in  conceutrutud  solutions  the  ioB»  are 
stopped  eH  route  by  what  may  be  termed  friction,  but  what  is 
probably  temporary  intcrcombination  with  each  other.  Ileooc 
their  mean  velocity,  and  consequently  the  snecitio  inolccnjir 
conductivity  of  the  solution  falls  short  of  tlie  proportionate 
quantity.  Moreover,  it  is  perfectly  well  known+  that  maay 
Bolntions  ^H,80,,  HCl,  ZnSO^  etc.)  sliow  maxima  of  eleotnc 
conductivity  for  gradual  changes  of  conocntratiou.  The  case 
of  an  aqueous  electrolyte  decreasing  in  electric  conductivity 
with  increasing  concentration  is  therefore  piven  by  many  ex- 
amples, and  doubtless  their  nnmiicr  eould  bo  indetinitety 
increased  by  employing  aqueous  solutions  at  high  temperatura 
under  pressure. 

Now  this  is  exactly  what  we  observe  in  our  series  of  three 
silicate  Bolutions.  Cimduction  increases  markedly  from  (3)  lo 
(1 ),  that  is,  from  basic  to  acid,  and  it  soomB  altogether  probable 
that  tliL'  anticipiitivu  nKixiiiiiiDi  will  riinv.-|K.inl  tu  a  deijrw  nf 
silicic  dilution  greater  than  75  per  cent  of  silica. 

Tracing  this  inference  further  we  come  to  the  conclusion 
that  pure  silica  is  probably  an  insulator,  or  that  it  occnpiest 
position  in  siliceous  electrolysis  very  closely  analogous  to  that 
of  water  in  aqueous  electrolysis.  It  is  to  be  remarked  that  we 
here  refer  to  the  electrolytic  solvent  and  leave  the  question  of 
chemical  solvent  temporarily  out  of  consideration.  This  is  in 
accord  with  the  observations  of  Warburg,J  who  has  elaboratelr 
investigated  the  insulation  of  a  film  of  pure  silica  at  about300, 
the  film  having  been  produced  by  the  electrolysis  of  glass. 
The  insulator  was  found  to  be  so  perfect  that  the  capacity  of 
the  condenser  was  measureable.  The  insulation  of  quarti 
relative  to  glass  has  to  some  extent  (as  far  as  224°)  been  tested 
by  Warburg  and  Tegetmeier.^  though  the  conditions  were 
complicated  in  this  instance  both  by  crystalline  structure  and 
the  impurity  of  the  mineral. 

•KohlraiiHch.l.  c,  p.  183.  fl.o.p.43. 

1  Warliiirg,  WieH.  Ann.,  xxi,  p.  622,   1P84. 
gWarlmrKandTegotmeier,  Wied.  Ann.,  xi^t,  p.  463,  466,  1BP8. 
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§  7.  Conclusion. — Looking  at  our  results  as  a  whole  we  find 
them  trenching  in  a  novel  way  on  the  solution  theories  of 
Arrhenius,  Ostwald  and  vant'  Hoff.  It  is  difficult  to  withhold 
one's  assent  from  the  proposition,  that  the  ions  of  a  molten 
magma  are  largely  present  in  the  dissociated  state,  and  more 
especially  so  as  we  approach  very  acid  magmas.  Terms  like 
colloid  applied  to  these  magmas  are  absolutely  without  rele- 
vancy so  far  as  we  can  make  out.  To  the  extent  of  our  enquiry, 
the  behavior  of  molten  rock  magmas  is  in  its  nature  quite  iden- 
tical with  that  of  any  aqueous  or  other  solution,  the  difference 
being  one  of  solvent. 

The  above  paragraphs  give  a  mere  draft  of  a  series  of  ex- 
periments which  we  propose  to  carry  out  with  greater  vigor. 
We  desire,  however,  to  express  our  conviction  that  electro- 
lytic resistance  is  not  only  a  valuable  aid  to  petrological 
research,  but  that  the  definition  of  molecular  structure  is 
possibly  within  the  reach  of  the  method. 


Art.  XXXIII. — UstiTnation  and  Dehydration  of  Silver 

Oxide;  by  M.  Carey  Lea. 

In  some  analytical  determinations  it  became  necessary  to 
estimate  silver  oxide  and  the  question  arose  at  what  terapera- 
tnre  the  moist  oxide  could  be  perfectly  dried,  and  also  at  what 
temperature  it  began  to  lose  oxygen.  As  no  such  data  are  to 
be  found,  they  had  to  be  determmed,  and  the  results  obtained 
may  possibly  be  of  use  to  others. 

Moist  oxide  precipitated  by  perfectly  pure  sodium  hydrate 
obtained  from  metallic  sodium,  and  thoroughly  washed,  was 
dried  at  100°  C.  for  20  hours.  Of  this  material  1-5528  grams 
was  taken  and  heated  again  to  100°  for  20  more  hours,  after 
which  heating  it  weighed  1*5524,  a  loss  of  0*0004  grams. 
It  was  next  heated  to  160°-165°  C.  for  five  hours  and  was 
then  found  to  weigh  1*5389  grams,  a  loss  of  0*0135  gram. 
It  was  then  replaced  in  the  oven  and  heated  5  more  hours. 
No  loss  whatever  of  weight  could  be  detected  resulting  from 
this  second  heating.  The  oxide  was  then  ignited  and  gave 
1'4358  grams  of  silver. 

Taking  the  atomic  weight  of  silver  at  107*66  and  O  =  16 
argentic  oxide  should  contain  6*92  per  cent  of  oxygen  (more 
exactly  6917). 

From  the  foregoing  it  follows  that  moist  silver 

oxide  dried  for  40  hours  at  100°  lost  by 

ignition 7*51  per  cent 

The  same  oxide  with  10  hours  drying,  at  1^0^- 

165°  C.  lost  by  ignition 6*70         " 

Calculation  for  Ag,0  gives  for  O 6*92        " 
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It  follows  that  after  40  houra  drying  at  llH)"  the  oxide  hi 
reached  a  constant  weight  and  still  retained  059  per  cent  of 
moiBture.  AVhen  heated  to  16ft-I65°  till  constant  in  weif;ht  il 
had  lo6t  0'22  per  cent  of  oxygen. 

It  was  next  attempted  by  a  shorter  isecond  heatioo;  and  a 
lower  temperature  to  expol  the  water  alone.  Silver  oxide  was 
dried  for  20  hours  at  100°  and  was  tlien  heated  for  2  lioure  to 
130°-135°  C.  Of  this  oxide  1*8043  gram  was  ignited  *ni) 
left  r6"01  gran)  of  silver,  indicating  a  loss  \>y  ignition  of 
7'44  per  cent.  This  was  only  '07  leas  than  when  the  heat  wss 
not  raised  above  100^  C,  showing  that  the  oxide  is  not  dehy- 
drated hy  exposnre  to  a  temperature  of  130° -135°  C. 

The  conclusion  to  he  drawn  would  apparently  be  that  die 
point  at  which  the  last  portions  of  water  were  driven  off  was 
very  close  to  that  at  which  oxygon  began  to  be  dieengage^. 
It  can  be  shown  however  that  tins  is  not  so  and  that  oxygen  is 
lost  long  befoi-e  the  last  portioiiti  of  water  escape.  This  eanbe 
proved  by  the  delicate  photochloride  reaction  which  I  de- 
scribed some  years  ago.  If  the  silver  oxide,  dried  ae  abo« 
described  at  100°  C  till  it  readies  a  constant  weight,  is 
moistened  with  dilute  hydrochloric  acid,  a  ohloride  is  obtained 
of  a  deep  lilac  color.  This  color  always  denotes  the  presence 
of  hemichloride  dne  to  the  fact  that  a  certain  portion  of  tlie 
oxide  had  been  reduced  to  hemioxide.  The  liemichloride 
combining  with  the  white  chloride  forms  a  photochloride  chu- 
acterized  by  the  coloration  JDst  mentioned. 

A  really  accurate  estimation  of  silver  oxide  i?  therefore  im- 
possible, as  it  loses  oxygen  too  easily. 

Silver  oxide  is  not  supposed  to  foira  a  hydrate,  nevertheless 
some  portion  of  moisture  remains  united  with  it  more  strongij 
than  some  part  of  the  oxygeu  with  which  it  combines  to  fona 
a  strong  base. 

But  it  also  appears  that  the  loss  of  oxygen  is  very  email  and 
floon  ceases  even  at  160°-105''  C.  For  after  5  hours  exposure 
to  that  temperature,  tlie  weight  became  constant. 


SCIENTIFIC     INTELLIGENCE. 
I.     Chemistry  and  Phtsics. 

1.  Oh  the  P/ttiiomeiia  of  Uoal-dugt  Bx^plosiong.—TMOKeEhii 
descrihfd  a  lecture  experiment  to  illustrate  the  phenomena  which 
are  observed  in  explosions  wherein  light  combustible  solids  like 
coal  dust  suspended  in  the  air  arc  the  chief  combustibles.  In  coil 
mines  opinions  are  divided  as  to  whether  coal  dust  alone  in  the 
air  can  give  rise  to  explosions,  or  whether  it  can  do  so  only  when 
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ized  with  fire  damp.  The  apparatas  employed  by  Thorpe  con- 
Bts  of  a  narrow  box  of  wood  12  feet  long  and  5  inches  square 
tersected  at  its  middle  point  by  a  second  similar  box  6  ft.  long. 
oth  boxes  are  open 'at  the  ends  and  are  provided  with  lids 
.tached  with  strong  hinges  and  hasps.  They  are  made  of  inch 
ik  and  are  pnt  together  with  screws.  At  one  end  of  the  long 
>x  is  a  slide;  and  the  end  itself  fits  into  a  quadrangular  box  9 
cbes  square,  furnished  with  a  lid  on  top  and  a  small  hole  for 
le  introduction  of  a  tube  carrying  &;as.  On  delivering  into  the 
>x  such  an  amount  of  gas  as  will  make  an  explosive  mixture 
lest  from  a  graduated  bell-jar  over  water)  and  on  strewing  coal 
ist  along  the  entire  length  of  the  boxes,  a  blank  cartridge,  fired 
om  a  pistol  through  the  lid  of  the  box  to  illustrate  the  effect  of 
blast,  raised  a  dust  cloud  which  ignited  by  the  explosion,  projects 
fiame  several  feet  long  from  the  farther  end  of  the  box.  To 
lustrate  a  local  explosion  of  fire  damp,  the  slide  at  the  end  of 
le  box  is  pushed  in  and  an  explosive  mixture  is  made  in  the  box 
eyond  it.  The  slide  is  then  withdrawn  and  a  match  applied, 
he  explosion  raises  a  cloud  of  dust  and  this  by  its  violent  igni- 
on  produces  a  continaous  cloud  along  the  whole  length  of  the 
ox  which  is  driven  out  four  or  five  feet  from  the  remote  end. 
ittle  heaps  of  gunpowder,  or  pieces  of  touch  paper  placed  at 
itervals  along  the  box,  are  rarely  fired. — J»  Chem,  iSoc.y  Ixi,  414, 
lay,  1892.  G.  p.  b. 

2.  On  certain  New  forma  of  Carbon, — A  new  variety  of  car- 
on  has  been  obtained  by  Luzi.  When  a  piece  of  porcelain,  such 
B  a  crucible  or  crucible-cover,  is  heated  in  a  blast  furnace  to  the 
ighest  attainable  temperature,  say  to  1770°  C,  the  fusing  point  of 
latinum,  and  then  the  access  of  air  is  cut  ofi^,  the  highly  heated 
orcelain  is  surrounded  by  a  smoky  fiame,  which  is  allowed  to  act 
ipon  it  for  ten  or  fifteen  minutes.  On  removing  the  piece  of 
lorcelain  from  the  furnace,  it  is  found  to  be  covered  with  a 
leculiar  deposit  of  carbon.  If  it  was  unglazed,  the  deposited 
arbon  resembles  graphite ;  but  if  glazed,  the  deposit  is  bright 
ind  silverv  and  has  a  metallic  luster,  resembling  closely  a  silvered 
Qirror.  f^ortions  of  the  deposit  adhere  so  firmly  that  they  can 
)e  polished  with  a  cloth  ;  others  separate  in  the  form  of  mirror- 
ike  facets  of  high  luster.  Loose  portions  can  be  pulled  off;  and 
hen  they  curl  up  into  rolls  like  metal  shavings.  They  are  ex- 
«edingly  light  and  stick  to  the  fingers  like  silver  leaf.  This  form 
>f carbon  is  free  from  ash  and  does  not  contain  hydrogen;  nor 
loes  it  give  the  nitric  acid  reaction  for  graphite.  Sforcover  it  is 
bsolutely  opaque.  The  author  has  also  examined  17  additional 
aneties  of  natural  graphite  by  his  nitric  acid  reaction.  Nine  of 
liese  give  the  reaction  and  are  therefore  graphite  proper;  eight 
0  not  and  are  therefore  included  in  the  second  class  which  he 
ills  graphitite.  Of  the  31  specimens  thus  far  examined  16  were 
raphite  and  15  graphitite.  The  blackish-gray  substance  into 
bich  diamond  is  converted  on  heating,  and  which  resembles 
raphite,  did  not  give  the  nitric  acid  reaction. — Ber.  Berl,  Chem. 
^es.  XXV,  214,  February,  1892.  g.  f.  b. 
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S.  On  Qiiinite,  (/«  limplett  Sugar  of  the  TnotiU:  fftvup.— 
Since  MaqD«Dnp  proved  iiioi*iu>  lo  be  a  eix-foli)  lifdroxyliMd 
hexanietliylcnc,  it  was  to  be  expected  that  the  hydroxyl  avrifl- 
tiven  of  this  Hubataocu  wliicb  are  poorer  in  oxyg;en  wonid  possf^t 
sugar-like  proi>ertie9,  UxKYsa  has  now  succeeded  in  redocin;; 
the  y^dikeiorie  of  hexamethylene  by  meaus  of  sodium  amalgiuj 
to  the  glycol  of  hvxaraethyleiie.  To  purily  it,  he  converted  it 
into  th(!  di)icHyl(l«rivativeaii<l  ihisnimajiouifioation  with  haHum 
hydrate  gave  the  pure  glycol,  C,H„0,.  It  is  risirans-pHradioxV' 
hexamethylene  and  resembles  in  appearance  and  behavior  a  sngar 
of  the  mannile  group.  It  is  permanent  toward  permanganate 
solution  and  Fehliiig's  solution,  tastes  at  first  sweet  and  then 
bitter.  It  is  easily  soluble  in  water  and  alcohol,  fuses  at  148°- 
145°,  and  distilx  without  decomposition.  According  to  it^  forma- 
tion it  is  a  liexahydru-bydroquinotie,  and  in  that  ca«o  woold  aflord 
on  heating  with  chromic  acid  qiiinone.  Since  it  poMeeses  sugar- 
like properties  and  is  ihe  simplest  representative  of  the  ioosiie 
group,  the  author  proposes  for  it  the  name  finite.  The  prepara- 
tion of  this  anbstanoe  opens  the  way  apparently  for  the  proiluc- 
tioH  of  other  hydrobeuaeue  compounds. — JItsr.  herl.  Chem.  Oet., 
XXV,  1087,  March,  IS92.  <i.  ¥.  a. 

4.  On  the  RetaCion  bttween  the  Color  of  Cotnpowide  mid 
their  Chemical  Conxtitution. — From  an  extended  study  of  a  lai^e 
number  of  colored  compouuds  both  organic  and  iuorgamc, 
Scu6tzk  has  obtained  some  results  going  to  show  a  relation  be- 
tween the  color  of  these  aubatanoes  and  their  obemical  confitilo- 
tion.  These  results  he  sums  up  as  follows  :  (1)  A  dleplacemeDl 
of  the  absorption  from  the  violet  toward  the  red  corresponds  to 
the  color-changes  greenish-yellow,  yellow,  orange,  red,  reddish- 
violet,  violet,  blue-violet,  blue,  blue-green,  etc.;  this  order  of 
change  being  called  "  lowering  the  tint,"  A  displacement  from 
red  to  violet  corres|ionds  to  an  inverse  color  change,  i.  e.,  to  i 
*'  raising  of  the  tint."  (2)  Atoms  and  atomic  groups  on  enterinir 
a  molecule  produce,  for  compounds  of  the  same  chromopbore  and 
for  the  same  solvent,  a  chnracLeristic  lowering  of  color-lint 
(bathochromic  groapn)  or  a  raising  of  the  color  tint  (hypsochro- 
mic  groups).  (3)  Hydrocarbon  radicals  act  always  bathochromic; 
so  that  in  homologous  series  the  shade  deepens  as  the  moleouiir 
mass  rises.  (4)  The  color-changing  action  of  the  elements  of  the 
same  periodic  group  also  increases  with  an  increase  in  the  atomic 
mass,  (5)  Addition  of  hydrogen  is  always  accompanied  by  i 
raising  of  the  tint.  (6)  The  raising  or  lowering  of  the  color-liot 
(displacement  of  the  absorption  toward  the  violet  or  the  red)  by 
the  subsliliiiion  of  hypsochromic  or  bathochromic  groups,  or  by 
the  addition  or  removal  of  hydrogen,  is  the  more  decided  the 
nearer  the  chemical  change  which  takes  place  is  to  the  chromo- 
phore.  In  general  the  distances  of  the  atoms  from  one  another 
given  by  structural  formulas  correspond  to  their  actual  distances; 
in  some  cases,  however,  it  appears  that  as  in  the  di-derivatives  of 
benzene,  the  substiiuents  in  the  para  position  are  nearer  to  each 
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other  than  are  those  in  the  meta  position.  (7)  These  rules  hold 
good  only  for  "  raonochromophpric "  compoands  and  for  such 
"'  dichromophoric ''  ones  as  have  equal  color-groups  influenced  in 
the  same  way  by  the  neighboring  atoms.  The  color  of  an  unsym- 
metrical  diazo-compound  of  the  type  Y-A-X-A-Z  is  approxi- 
mately the  same  as  that  of  a  mixture  of  the  t^o  symmetrical 
compoands  Y-A-X-A-Y  and  Z-A-X-A-Z. — Zeitachr,  phyaikcU. 
Chem.^  ix,  109,  February,  1892.  g.  f.  b. 

5.    On  Free  Hydroxylamine. — The  assumption  that  hydroxyl- 
amine  is  not  capable  of  existing  free,  arose  apparently  from  the 
presence  of  water  in  the  process  employed.     Loubt  db  Bruynb 
has  now  succeeded  in  isolating  it  by  acting  on  hydroxylamine 
hydrochloride  dissolved  in  absolute  methyl  alcohol,   with  nearly 
the   theoretical   quantity  of  a  concentrated   solution  of   sodium 
methoxide,  at  a  gentle  heat.     The  sodium  chloride  produced  was 
filtered  off  and  the  filtrate  was  distilled  under  a  pressure  of  160- 
200™™ ;  since  at  this  reduced  pressure  the  alcohol  carried  off  less 
hydroxylamine.     When  most  of  the  alcohol  had  been  thus  re- 
moved, dry  ether  was  added.     This  separated  the  liquid  into  two 
layers,  the  upper  containing  6 '5  per  cent  hydroxylamine,  the  lower 
53*5  per  cent.     The  lower  layer  again  distilled  under  a  pressure 
of  166"™  until  the  temperature  rose  to  86°  gave  a  solution  con- 
Uining  70  per  cent  of  hydroxylamine.     Finally,  all  the  solutions 
were  mixed  and  distilled  under  a  pressure  of  60™™.     The  residue, 
eoDtaining  80  per  cent  of  hydroxylamine,  was  fractionated   in 
three  portions,  the  last  of  which  solidified  in  long  needles  in  the 
cold  receiver.     This  after  pressing  between  filter  paper,  contained 
99*4  per  cent  hydroxylamine.     In  this  form  it  is  a  hard  crystalline 
mass,   very   hygroscopic   and   fusing  at   about   27*5°.     Sodium 
chloride  readily  dissolves  in  it  and  potassium  nitrate  liquefies  it, 
80  that  it  resembles  water.     Sodium  attacks  it  strongly.     It  is 
inodorous  and  somewhat  denser  than  water.    When  heated  rapidly 
on  platinum   foil  it  explodes  with  a  clear  yellow  fiame.     It  is 
scarcely  soluble  in  chloroform,  benzene,  ether,  ethyl  acetate   or 
carbon  disulphide.     Exposed  to  the  air  it  first  liquefies  and  then 
evaporates.     It  appears  to  be  stable  alone  as  well  as  in  solution. 
-^Rec,  trav,  Chim.,  x,  100;  J,  Chem,  JSoc,  Ixii,  402,  April,  1892. 

G.    F.    B. 

7.  JPhy$ical  and  chemical  phenomena  imder  the  influence  of 
very  low  temperatures. — M.  Raoul  Pictet  states  that  heat-waves 
corresponding  to  low  temperatures  traverse  all  bodies  with  hardly 
any  resistance.  A  test  tube  filled  with  chloroform  was  placed  in 
a  nitrous  oxide  refrigerator  at  —120°.  A  thermometer  in  the 
tabe  showed  a  gradual  iall  to  —  68°'5,  when  crystallization  com- 
menced. On  removing  the  test  tube  to  a  refrigerator  at  —80®, 
the  temperature  indicated  by  the  thermometer  fell  rapidly  from 
— 68*'6  to  —  80,  while  the  crystals  formed  on  the  walls  of  the 
test  tabe  fused  and  disappeared.  On  replacing  it  in  the  —120® 
refrigerator,  the  temperature  rose  to  —68® '5,  and  the  crystals 
reappeared.    M.  Pictet  explains  these  phenomena  by  supposing  his 
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thermometers  to  have  acted  as  ibermo-dy nam o meters  ratber  thsu 
Ihermoscopes,  While  Ibe  cryslais  were  forming  in  the  first 
refrigemtor,  ibe  radiation  from  tbo  buUi  was  neulraliseil  by  the 
latent  heat  given  out  by  the  chloroform  in  cryBtallizing,  wberow 
iti  the  warmer  refrigerator  the  cryBtals  did  not  form,  and  radia- 
tion alone  was  active.  Alcohol  and  sulphuric  ether  thermometers 
were  used,  which  were  checked  by  thermometers  coutaiaing  dry 
hvdrogen  al  fotir  diflerewt  pressnres. —  Comptts  Rendus,  May  3n, 
J^ature.  June  9,  1892.  j,  t. 

8.  J^ew  method  of  dfiermining  the  apeaifie  inductive  capaeHy 
of  a  dielectric—  V.  T.  Tkopton  and  W.  E.  Lu-i-t  point 
out  that  the  comparison  between  ih«  energy  of  a  condenser 
charged  with  a  certain  guantit^  of  cleotrioity,  first  as  an  aircou- 
denser  aud  secondly  with  a  dielectric  sheet  between  the  plates, 
shows  that  the  energy  in  the  first  case  h  greater  than  in  tbe 
second,  and  therefore  the  dielectric  sheet  will  be  drawn  in  between 
the  plates;  for  the  electric  energy  of  the  system  being  less  after 
the  mlroduction  of  the  dielectric  than  before,  work  must  have 
been  done  by  the  electric  forces  during  the  operation.  The 
amount  of  this  force  depends  on  the  specific  inductive  capacity 
of  the  dielectric,  and  by  observing  this  force  the  specific  induc- 
tive capacity  may  be  drtvrminoil  lor  any  given  substance.  Tlie 
authors  describe  a  method  of  measurement,  and  show  its  applici- 
bility. — Phil.  Mag.,  June,  1S92,  pp.  52»-fl32.  j.  r. 

9.  Action  qf  the  JElectric  ditcharge  on  tiaaea  and  Vaport.— 
C  IiUDBKUto  ban  made  a  number  of  experimenls  to  determiDe 
whether  electrolysis  takes  place  in  tbe  action  of  the  electric  dit- 
charge  on  gases  and  vapors.  He  concludes  that  "  some  of  the 
phenomen.i  noted  were  in  part  due  to  true  eloclrolysiB.  Others 
seem  to  be  '  thermolysis,'  that  is  the  compounds  are  simply  di^ 
sociated  by  the  heat  of  the  discharge.  The  predilection  of  llie 
atoms,  thus  liberated,  for  electricity  of  difierent  .kinds  would 
make  thera,  like  pith  balls,  fly  to  tbe  pole  having  the  cba^e 
opposite  their  own,  and  thus  give  the  entire  phenomenon  the 
appearance  in  all  respects  of  a  true  electi-o lysis,  while  in  reality 
there  is  the  greatest  possible  di fie rence." — Phil.  Mag.,  June,  18B2, 
pp.  621-528.  J.  T. 

10.  Ratio  between  the  Electromagnetic  and  JElectroatatic  Vnili- 
— A  new  determination  has  been  made  by  M.  H.  Abbabak  of 
the  vaine  of  v.  The  method  employed  was  that  of  measuring 
the  capacity  of  a  plane  condenser  with  gnard  ring  in  both  sys- 
tems. The  value  obtained  was  r  =  299-2X10'. —  Comptes  Rendus, 
Jnne  7,  1893.  J.  T. 

11.  Influence  of  ElectTification  on  Cloud  Condenaation. — Mr. 
JouN  AiTKBN  has  studied  this  subject,  using  a  steam  jet — and 
finds  that  the  mere  presence  of  an  electrified  body  has  no  influ- 
ence on  the  steam  jet.  In  order  to  produce  the  increased  density 
the  water  particles  in  the  jet  must  be  electrified  either  by  direct 
discharge,  or  by  an  inductive  discharge,  effected  either  by  meins 
of  a  point  or  a  name.    The  increased  density  produced  by  eleotit 
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fication  is  due  to  an  increase  in  the  number  of  water  particles  in 
the  jet,  by  the  electrification  presenting  the  small  drops  coming 
in  contact  by  their  mutual  repulsions,  in  the  same  manner  as  the 
(?ater  drops  in  Lord  Rayleigh's  experiments  with  water  jets, 
which  scatter  more  when  electrified  than  when  not  electrified. 
The  coalescence  of  the  drops  in  water  jets  takes  place  only 
under  the  disturbance  produced  by  the  presence  of  an  electrified 
body,  while  such  a  disturbance  produces  no  effect  on  steam  jets. 
rhe  action  of  electricity  does  not  seem  to  be  positive,  as  it  has  no 
effect  on  a  mixture  of  hot  moist  air  and  cold  air.  It  seems  rather 
to  prevent  something  which  takes  place  in  the  jet  under  ordinary 
conditions.  The  jet  on  becoming  dense  emits  a  peculiar  sound 
which  is  the  same  whatever  be  the  cause  of  the  increased  density. 
Bat  when  electrified,  along  with  this  sound  there  is  another,  due  to 
the  discharge  of  the  electricity,  which  causes  the  electrified  jet  to 
appear  to  make  a  louder  noise. — Royal  Society^  April  28,  1892; 
Naiure,  May  26,  1 892.  j.  t. 

12.  The  thermal  variation  of  viscosity  and  of  electrolytic  re- 
sistance;  by  Carl  Barus.  — Experiments  made  on  the  effect  of 
temperature  {0)  on  the  viscosity  (;/)  of  a  very  viscous  substance 
like  marine  glue  showed  that  log  7/^, q  =  log  7]^^-  BO  very  fully 

reproduced  the  results.  The  subscripts  give  the  quantities  con- 
stant and  variable  ;  p  denotes  pressure  ,  and  B  is  constant.  For 
napierian  logarithms,  absolute  measure,  **  C,  and  marine  glue, 
;/„=  10"  and  ^=:'379.  In  other  words  the  rate  at  which  vis- 
cosity decreases  with  temperature  at  ^°,  is  proportional  to  the 
viscosity  at  6^, 

Experiments  made  on  the  effect  of  temperature  on  the  electro- 
lytic resistance,  r,  of  a  silicate  (diabase)  within  1500°  C,  showed 
that  log  (a-\-br)  =  log  {a-\-br^  -bd,  very  fully  reproduced  the 
results.     Here  a  and  b  are  constant  and  a  merely  reflects  the 
observational  errors.     F'or  diabase,  megohms  and  °C.,  a  =  "05, 
ft  = '009,  r^  =3 18X10*,  napierian  logarithms  being  taken.     If  a 
be  eliminated,  ^='010.     In  any  case,  however,  the  rate  at  which 
electrolytic    resistance  decreases  with  temperature,  at  the  tem- 
perature ^,  is  proportional  to  the  resistance  at  ^°.    Hence  viscosity 
and  electrolytic  resistance  conform  with  the  same  law,  and  I  infer 
that  a  common  kinetic  principle  underlies  both.     This  may  be 
stated  thus  :  The  rate  at  which  either  configurational  or  molecular 
instability  increases  at  the  temperature  ^,  is  proportional  to  the 
instabilities  present  in  the  given  volume  at  that  temperature — 
Supposing  that  the  number  of  unstable  configurations,  or  of  un- 
stable molecules,  respectively,  is  at  all  times  small  relative  to  the 
total  number  of  configurations  or  molecules.     (Cf.  this  Journal, 
^lii,  p.  135,  §  12,  1892.)     The  thermoelectric  equivalent,  d  e  z=. 
A  e  d  Oyl  will  soon  develop. —  Communicated  by  the  Author, 

13.  Outlines  of  Theoretical  Chemistry^  by  Lothar  Meter, 
translated  by  P.  Phillips  Bedson  and  W.  Carleton  Williams. 
With  a  preface  by  the  author.  220  pp.  8vo.  London  and  New 
fork  (Ix)ngman8,  Green  &  Co.). — The  name  of  the  author  and 
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the  character  of  his  well  known  larger  work  tipon  Modern  Theo- 
ries of  Clieraistry  are  sufficient  guaranleo  of  th«  eKcellenoe  of 
this  new  volatile.  Althoogb  there  are  a  iinmber  of  Adniirahit 
books  at  hand  upon  the  philosophy  of  modern  chemistry,  ewh 
one  miiy  be  saiil  to  occupy  a  place  and  have  a  peculiar  value  of 
its  own,  and  this  is  particularly  true  of  this  work  by  I'rofeMor 
Meyer.  It  gives  a  clear,  well  lialanced  discussion  of  the  varioM 
topics  embraced  under  the  head  of  theoretical  chi-mistry,  and 
would   be   read   with    profit  liy  ntudents  in   this  departmeut  of 

14.  Thfaretical  Meehiinicn:  A  class  book  for  the  clementar; 
stage  of  the  Science  and  Art  Department,  by  J.  Spksckb. 
3*3  pp.  lamo.  London,  ISO'i  (I'on^ival  and  Co.). — This  little 
hook,  by  an  author  who  has  had  much  experience  in  this  line, 
fills  well  the  place  for  which  it  ia  specially  prepared.  The  prin- 
ciples are  clcarlv  staled  and  liberally  illumrated  by  Dnmerical 
eianjples.  If  tne  solntiims  by  geometrical  methods  saera 
awkward,  their  ase  must  be  aacribol  to  the  fact  that  the  aiitLor 
is  not  at  liberty  to  assume  that  his  readers  have  a  knowledge  of 
trigonometry. 

15.  Dit  Neifatie'Retotiekenach  Kiinnt-und  Nttturyeaetsen.  Mil 
bosondcror  Bcrllcksichtignns  dcr  Operation  (^Beleachtung,  Eol- 
wicklung,  Exposition)  nnd  dcs  photogr.  Pnbliknms.  Ein  Leh^ 
buch  der  knnstlerisclicn  Retouche  fUr  Ucrnfspiiotographen  uiJ 
Uetoucheure  von  (Uxs  Arnou)  4B0pL).  Vienna,  Pest,  Irfipog, 
1891  {A.  Ilartleben). — This  is  a  readable  volume  in  an  interesl- 
ing  branch  of  photography,  discussing  the  several  topics  will 
much  fnllness;  the  scope  of  the  work  is  given  in  the  title  qiiowd 
above  in  full. 

II.    Geology  and  Mineralogy. 

I.  UprnUed  Coral  Island*  off  Ntui  Ouinea. — In  the  coiuw 
of  a  journey  through  British  New  Ouinea,  in  January  last,  the 
indefatigable  Administrator.  Sir  William  Macgregor,  esaniined 
and  described  several  remarkable  islands,  which  he  shows  to  be 
almost  certainly  ancient  atolls  that  have  been  elevated  by  steady 
horizontal  uplift.  The  island  generally  known  as  Kitava  (bat 
called  Nowau  by  the  natives)  han  an  area  of  about  five  or  sii 
square  miles.  It  appears  to  be  surrounded  by  a  fringing  reel 
>>early  ikll  round  the  island  there  ia  a  low  and  slightly  sloping 
margin  covered  with  trees,  and  about  a  quarter  of  a  mile  wide. 
This  terminates  inland  in  a  steep  coral  wall,  which  rises  abruptly 
to  the  height  of  300  or  400  feet,  and  is  covered  with  foresL 
Shells  in  die  coral  point  to  a  comparatively  recent  nphesvaL 
From  the  crest  of  this  wall  the  land  dips  gently  to  a  plateau 
from  50  to  100  feet  lower,  which  occupies  the  center  of  the 
island.  The  plateau  is  undulating,  has  a  rich  chocolate  soil,  and 
being  protected  from  wind  by  the  raised  rim,  whilst  subject  to  » 
copious  lainfall,   it  is   very  fertile.     All   the  people  live  in  tie 
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lollow,  BO  that  from  the  sea  the  island  seems  to  be  uninhabited. 
Phe  central  hollow  is  drained  by  filtration  through  the  cracked 
ind  porous  coral  rock.  Kwaijiwata  Island,  which  is  from  one 
md  a  half  to  two  miles  in  diameter,  showed  precisely  the  same 
*orm  and  structure,  and  in  (4awa  Island  there  is  a  still  more 
>erfect  instance  of  a  raised  atoll.  The  coral  wall  in  the  last 
nstance  rises  8o  abruptly  to  the  height  of  about  400  feet  that 
)art  of  it  has  to  be  climbed  by  ladders,  and  the  plateau  repre- 
tenting  the  old  lagoon  is  nearly  100  feet  below  the  level  of  the 
^ge.  Iwa,  another  adjacent  island  about  a  mile  in  diameter  is 
)f  the  same  kind,  only  the  gently  slopini^  border  has  been  worn 
iway,  and  the  coral  cliff  meets  the  sea  nearly  all  round. — Proc, 
Roy.  Geograph.  JSoc.y  June,  1892. 

2.  The  Origin  of  Igneous  Jiocks.  —  Mr,  J.  P.  Iddings,  in  a 
;)aper  read  before  the  Philosophical  Society  of  Washington  in 
June  last  (Bull.,  vol.  xii),  has  made  a  very  important  contribution 
to  science  on  the  Origin  of  Igneous  Rocks.  After  mentioning  at 
length  the  opinions  that  have  been  presented  on  the  subject,  he 
considers  the  intimate  relations  of  the  various  igneous  rocks  in 
mineralogical  constitution,  and  especially  in  chemical  composi- 
tion, illustrating  the  subject  with  a  large  array  of  facts  and 
tables  of  analyses.  Further,  the  associations  or  groupings  of  the 
different  kinds  of  rocks  in  various  regions  of  eruption  and  the 
order  of  succession  in  origin  or  outflow  in  each  region  are 
reviewed.  After  a  careful  and  judicious  survey  of  these  subjects 
in  their  various  relations,  the  author  presents  the  following  con- 
clasions. 

The  differences  in  kinds  of  igneous  rocks  are  not  due  to  the 
exist(»nce  of  two  or  more  subterranean  zones  of  unlike  magmas, 
or  of  zones  of  unlike  rock- mate  rial  which  under  physical  changes 
might  become  such  magmas  ;  but  they  arise  from  the  local  differ- 
entiation of  a  common  magma ;  and  the  series,  in  any  region  of 
eruption,  usually  commences  with  a  kind  having  the  mean  com- 
position of  the  series  and  ends  with  rocks  of  one  or  both 
extremes.  Mr.  Iddings  remarks  that  this  law,  while  it  has  its 
erceptions,  holds  for  all  tlie  localities  that  he  had  personally 
studied,  and  for  the  order  of  eruption  described  by  Prof.  Judd 
for  the  lavas  of  the  Lipari  Island,  "  which  began  with  rocks  of 
intermediate  composition  and  has  reached  the  stage  where  rhyo- 
lite  and  basalt  are  being  thrown  out."  Other  conclusions  are: 
that  the  variation  in  the  composition  of  the  rocks  of  a  series  of 
eruptions  at  any  volcanic  center  is  the  result  of  the  chemical 
differentiation  of  a  magma  of  mean  or  intermediate  composition  ; 
that  molten  magmas  are  essentially  solutions,  as  put  forth  by 
Bansen — a  point  illustrated  in  the  experiments  by  Barus  and 
Iddings  described  on  a  preceding  page ;  that  in  each  case  those 
portions  of  the  magma  which  were  the  later  to  crystallize  may 
ie  considered  as  having  been  a  solvent  for  the  other  portions — a 
iolvent  not  for  the  silicates  necessarily  but  for  their  constituents; 
;hat  the  differentiation  in  any  case  is  due  chiefly  to  differences  in 
Am.  Jour.  Soi. — Third  Series,  Vol.  XLIV,  No.  261.'SEPTEifBBR,  1892 
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temperAttir«,  the  tetnper&taro  varyini;  witli  the  coculitSnn  of  Ihv 
«U)iirce  uf  tli^  magma,  its  rolalioiiiH  to  tlio  cncloeing  matFrisl,9iHl 
htlit-r  causi'H. 

Tlitj  vteira  prc»cnte<]  by  Mr,  lililiii^  teml  to  eimrilif^  greatly 
thti  Htiltject  of  rocks,  n»  tlui  author  Mtnteii  in  his  coiiclnding  |>an- 
gru|i1i:  "The  Dotiriisioti  whiuli  li ah  overtaken  the  daaHifii-^auoD  of 
igncons  rooks  and  ibe  linriion  which  is  being  heajwl  up  by  ibe 
pivKtini  tcndoncy  to  miiHipIy  itm  tormiriology  by  creating  Dsmrs 
for  each  mtiilification  of  rock,  will  find  their  rorni^dy  in  a  nioir 
logical  conception  oi'  the  true  nature  of  the  ditft^rcnces  and  nlt- 
lions  of  rockB." 

3.  JMUti/i  of  the  Philasophieal  Societu  of  Wa»hington,  val. 
x\,  618  pp.,  8VO,  Waahinjrlon,  1B92,— 'Ibis  volume,  covering 
tlw  yeum  ISi^B  to  It^g],  inoluiiive,  contains  valnable  paj>cre  I)} 
Prof.  I-ftiigloy,  Cflpl.  C.  E,  Uiuton,  J.  P.  Idding*,  E.  D.  Prestoo. 

F.  W.  tHarku,  .1.  K.  Eautnian,  Kvtrelt  Ilaydcn,   W.  J.  MetJee, 

G.  H.  Eldritlgf,  Wliitman  Cross,  and  H.  W.  Turner. 

Captain  Dntton's  paper  "Onlhe  grr.iit«r  prohhma  of  Phynai 
Oeoffrap/ty,"  relatvs  to  the  earth's  form,  ehangca  of  lev*i|,  anil 
mountain-making.  In  it  he  propoeos  (on  p.  M),  the  term  itottaiy 
for  "  the  oonilition  of  cquilibrinm  of  figure  to  which  gravituitm 
tendn  to  rednce  a  planetary  body  irretipective  of  whether  it  hi 
homogeneous  or  not,"  and  discudscs  ''  How  nearly  does  thi' 
c-arth's  figure  approaoh  to  iaoatasy?"  He  speaks  of  the  iheorj 
h«  presents  aa  a  modified  form  nf  the  theory  of  Hcrsobel  siJ 
Bahnage.  Tlie  effeotn  of  denudation  and  transportation  lii  (let«r 
mininu;  iiioreuienl  of  material  under  the  law  of  isoetasy  ara  sIm 
considered,  and  conclude  to  be  huoIi  along  coasts  as  woiiM 
shove  the  material  of  the  sea  bottoms  lundward.  Mr.  Dutton 
argues  also  thiit  they  might  produot:  sysiematic  plioations  lite 
those  of  the  Appalachians,  stating  as  an  "  important  fact  lii»l 
these  systematic  flexures  were  mniuly  formed  at  the  timea  the 
sediments  were  deposited,"  and  that  "  this  is  a  fact  of  geologic 
observation."     Whose  "  observation  "  is  not  mentioned. 

Mr.  Dnlton  remarks  that  isostasy  offers  no  explanation  of 
the  great  j)ermanent  changes  of  level ;  that  its  very  idea  me»M 
the  conservation  of  profiles  against  lowering  by  denudation  on 
the  land  and  by  dejiosition  on  the  sea-bottom  ;  that  the  cans«  of 
permanent  uhangea  in  the  profiles  of  the  land  and  sea-liottom,  or 
the  real  nature  of  the  uplifting  force,  is  an  independent  one,  and 
to  him  "  an  entire  mystery."  "  But,"  he  adds,  "  I  think  we  may 
discern  one  of  its  attributes,  and  that  is  a  gradual  expansion,  or 
a  diminution  of  density,  of  the  subterranean  magmas.  If  the 
isostntic  force  is  operative  at  all,  this  expansion  is  a  vigorous  con- 
sequence ;  for  whenever  a  rise  of  the  land  has  taken  place  one o( 
two  things  has  liap]joiieil:  the  region  affected  has  either  gained 
nn  accession  of  mass,  or  a  nww  increase  of  volume  without  iu- 
crease  of  ni.iss."  The  former  sn])poses  a  raising  of  the  plateau 
.igiiinst  its  own  riijiiiity  and  its  statical  weight;  the  latt«rna 
overcoming  of  ri'sisianw;  and  lifncc,  Mr.  Dutton  infers  that  the 
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luae  of  elevation,  whatever  it  may  be,  involves  the  expansion  of 
16  underlying  magmas  and  the  cause  of  depression,  their  shrink? 

4.  Siliceous  bed  cons  latin  (/  of  Diatoms^  Jlcidiolariana  ami 
oofige'SpiciUeSy  in  tJhe  Eocene  of  Neio  Zealand, — This  siliceous 
id  of  organisms,  occurring  on  the  east  coast  of  the  South  Island 
*  New  Zealand  at  Oamaru,  whose  Sponge-spicules  are  described 
f  Dr.  G.  J.  Hinde  and  W.  M.  Holmes  (in  the  J.  Linn.  Soc, 
J92),  is  regarded  as  probably  a  deep-sea  deposit,  "  comparable 
ith  the  Diatom  ooze  which  now  forms  a  belt  of  varying  width 
irrounding  the  South  Polar  Regions,  between  the  Antarctic 
ircle  and  the  40th  parallel,"  at  "  a  depth  of  600  to  1975  fathoms, 
id  an  average  of  1477  fathoms.  A  bluish  siliceous  deposit  now 
*und  off  the  same  east  coast  at  depths  of  700    to    1100  fathoms 

very  difTerent  in  consisting  chiefly  of  material  from  the  land 
ith  few  siliceous  organisms. 

5.  A  Preliminary  Catalog ne  of  the  systematic  Collections  in 
'Economic  Geology  a  fid  Metallurgy  in  the  U,  IS,  National  Mu- 
jum,  by  Frbderio  P.  Dewey.  256  pj).  8vo.  Washington, 
891  (Bulletin  of  the  United  States  National  Museum,  No.  42). — 
.^his  bulletin  gives  not  only  a  full  description  of  the  National 
faseum  collections,  but  also  a  valuable  account  of  mining  and 
oetallurgical  processes  in  the  different  parts  of  the  country, 
llustrated  by  many  admirable  plates. 

6.  The  Palueontology  of  the  Cretaceous  formation  on  Staten 
Tdand ;  by  Authub  IIollick.  Reprint  from  Trans.  N,  Y. 
Aicad.  Sci.,  vol.  xi,  1892. — Dr.  IIollick  gives  in  this  paper  a  brief 
summary  of  the  various  discoveries  that  have  been  made  by  him- 
self and  others  of  animal  and  vegetable  remains  on  Staten  Island. 
They  consist  altogether  of  eight  species  of  mollusks  and  a  dozen 
or  more  of  plants,  many  of  them  in  a  bad  state  of  preservation. 
They  were  found  at  Kreischerville,  Tottenville,  Eltingville, 
Prince's  Bay,  Arrochar  and  Clifton,  in  more  or  less  ferruginous 
and  concretionary  matter  underneath  the  bowlder  drift  or  some- 
what mingled  with  it  and  bearing  evidence  of  considerable  dis- 
turbance. Only  at  Kreischerville  are  the  Cretaceous  clays  found 
in  place.  The  shells  are  of  marine  Cretaceous  type  and  the 
plants  are  characteristic  forms  of  the  Aniboy  clays  of  New 
Jersey  across  the  Kill  and  the  Raritan,  most  of  which,  however, 
were -origin  ally  described  by  lleer  from  the  Cretaceous  of  Green- 
land, or  by  Lesquereux  from  the  Dakota  ibrmation.  The  plants 
were  all  found  at  Tottenville  and  Prince's  Bay,  and  Dr.  IIollick 
shows  that  their  occurrence  can  be  accounted  for  on  the  theory 
)f  glacial  transportation  from  the  well-known  plant-beds  of  tlie 
JVoodbridge  district,  but  he  thinks  the  marine  shells  of  Arro- 
char, sheltered  on  the  west  by  the  Arehsean  ridge,  do  not  admit 
(f  this  explanation  and  must  be  regarded  as  in  place.  The 
aper  is  illustrated  by  four  plates,  three  of  which  are  devoted  to 
he  plants.     The  figures  are  remarkably  clear  and  instructive. 

L.   c  •   W . 
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7.  ZTnterauchungmi  i^er  fottih  ffSher  Schiee<leni ;  von  H. 
CoiTWENTZ.  KoiiitI.  HVL-Tiiiku  VetetiHk»p8-Akail«[uienR.  Baudtl 
!4,  No.  13. — The  vegelftlilu  rctmiiriH  Jesuribud  m  Ihis  im[iortaiil 
memoir  all  come  from  iha  NOiil.liurn  cxtremiLy  of  Sweden,  Home- 
times  called  Scania,  in  wliiuli  ho  niniiy  harieoiifl  are  exposed  that 

Sield  foBnil  planlM,  inipwiially  llio  Riiclic  and  the  Pltistocenf. 
ilsson,  as  long  a^u  an  1^31,  prorcd  that  thura  waa  a  Turtlaty 
plant  bed  at  Kopinge,  and  now  we  have  evidence  or  an  Upper 
CretaceouH  (Senoiiian)  deposit,  oalled  the  Holma  aandstotie, 
whiuk  contains  coniferoas  romaitis  uonststing  of  ailioificd  trofiki 
in  place  and  alao  lesser  twigs  and  even  well-nreavrvi'd  piii« 
oout;a.  Moat  of  these  belong  to  two  Hiienieii,  both  nf  wbicb  an 
regarded  an  new  to  scii'iicn,  wlufh  Dr.  Cotiwi^Hts  httre  Tally 
desci'ibi.'s  anil  illuHtraien  in  liis  thtiroagli  niunntii-,  bolb  in  th«r 
external  chnraolera  and  lb<-ir  inti-mftl  Htrui-tiirc,  and  name* 
respectively,  JHma  Ntilhor»ti  and  (Jeiiror-nton  Ryediilente.  TTie 
flolma  Sandstone  ouours  on  both  «iduM  of  tho  Kysiiberge  nortb  uf 
the  50th  parallel  of  noith  latitnde. 

Besides  tbese  remains  in  placi'  the  present  memoir  alio 
describes  a  large  amount  ol*  drift  wood  (Ueschiebchdlaer)  from 
the  extreme  sualhern  peninsula,  mach  of  whiob  had  touji  lain  in 
the  museums  at  Slookholm  and  elsewhere  awaiting  idcntillcalion. 
Mi^st  of  these  proved  to  be  cuniferotiH,  but  wholly  iiiilihi;  Uir 
Holma  Sandntone  flora,  baving  the  Sei^noia  \-y\w  nf  structarr 
which  is  referred  to  CupreMinoxylitn,  or  if  rootn,  l«  RbiKocupm 
ainoxylon.  One  piece,  howevur,  tarnud  out  to  bu  a  palm  i\m 
and  was  intrusted  to  Dr.  Slrnwl  who  ix  k»  great  an  aiithuritT  un 
such  forms.  He  deseriltea  it  as  falmaritas  JiliffTunutn,  a  iit* 
speoies  of  fossil  palm.  ' 

Aa   regards  the  original   source  of  those    blocks   of  silicifieJ     I 
wood,  tliuir  systematic  clianicter  is  suffi<:ient  proof  that  they  can- 
not be  in  place  in  tho  compnrulively  modern  drift  (Dilnvian)  in 
which    they    chiefly    occur.     They    differ   loo    widely    from  th*    | 
formi  found  in  the  Holrna  Sandstone  to  make  it  nt  all  probable     j 
that  they  belong  to  that  age.     The  author  concludes  that  ibsj     j 
were  originally  derived  from  a   formerly  wide-spread  Tertiarj 
formation,  the  softer  parts  of  which  have  been  long  since  eroded 
away  leaving  only  these  heavy  nndestmctible  blocks  of  siticiEed     j 
wood  which  now  lie  buried  under  the  superficial  deposits. 

L,  T.  w. 

8,  On  Puffidilite,  a  new  apeciea ;  by  F.  A.  Genth.  (Com- 
luunk'ated  by  llie  autlior.) — While  examining  a  lot  of  minerals, 
formed  by  the  action  of  sea  water  on  ancient  slags  wbicb  Mr. 
Geo.  L.  English  collected  at  Laurion,  Greece,  I  noticed  a  veryfei" 
hexagonal  crystals  which  proved  to  be  a  new  species,  for  which  1 
propose  the  name  :  Pentleldite,  in  honor  to  Prof.  Sam'l  L,  Fenfield 
the    indefatigable    worker   in    mineralogy    aud    crystallography. 

Hexagonal;  gener.illy  in  prisma  witli  basal  plane;  the  firet 
pyramid  is  indicated  by  slriation  of  the  prismatic  planes  ;  a  second 
obtuse  pyramid  appears  on  some  of  the  crystals  in  t^mall  triangu- 
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r  planes.  Some  of  the  crystals  are  taperiug  at  the  ends  and  the 
isal  plane  is  thus  obliterated.  The  crystals  with  basal  plane 
e  generally  dall,  being  coated  with  an  opaque  film,  suggesting 
cipient  alteration.  Cleavage  indistinct,  basal.  The  tapering 
ystals  from  0'6-l°""  thick  and  up  to  5°*™  long,  the  opaque  from 
5-2*"™  thick  and  2-3™"  long.  Color  white;  luster  vitreous,  in- 
ining  to  greasy.  B.B.  in  a  closed  tube,  gives  no  water ^  decrepi- 
.168  and  gives  an  abundance  of  sublimed  lead  chloride,  soluble  in 
ater,  leaving  a  yellowish  white  oxychloride.  Easily  soluble  in 
lute  nitric  acid. 

Composition  =  PbO  .  2PbCl,. 

The  analyses  gave : 

1.  2. 

Tapering  crystals.  Opaque  crystals.  Calculated 

CI  =  18-65  17-94  18-21 

Pb=         78-25  lost.  .      79-73 

O    =  206 


100-00 


Associated  with  the  Penfieldite  is  a  mineral  in  long  (up  to  10"") 
ilky  needles,  which  largely  volatilizes  on  heating,  and  may  be 
mother  form  of  Penfieldite,  or  a  new  mineral ;  the  other  associ- 
ites  are  anglesite  and  small  quantities  of  laurionite. 

Philadelphia,  July  26th,  1892. 

9.  Brief  notices  of  some  recently  described  minercUs. — Masbitb 
R  a  fibrous  kind  of  alum  found  in  Upper  Egypt  and  desci-ibed  by  H. 
Droop  Richmond  and  Hussbin  Off.  It  contains  a  small  amount 
)f  cobalt  and,  as  believed  by  the  authors,  a  minute  quantity  of  a 
new  element  for  which  the  name  masrium  is  proposed,  after  the 
Arabic  name  for  Egypt.  Assuming  that  masrium  is  a  bivalent 
element,  its  atomic  weight  is  calculated  as  228,  and  it  is  regarded 
u  belonging  in  the  beryllium-calcium  group  in  which  group  there 
is  a  place  in  the  periodic  system  for  an  element  with  an  atomic 
weight  of  225.     The  analysis  of  masrite  gave : 

80.        A1,0,     FoaO,      X»       MnO      CoO      FeO        HaO       Insol. 
86-78     10-62     1-63     0-20     256     1-02     4-23     40-35     2-61  =  100 

*X= Masrium  oxide. — Proceedings  Chem.  /Soc,  April  21,  1892; 
Nature,  May  26. 

Basiliitb  is  a  hydrous  manganese  antimonate  described  by 
[gblstbOsc  from  the  Sjo  mine,  Grythytte  parish,  Sweden.  It 
)ccars  in  steel-blue  bladed  forms  with  metallic  luster,  which  it 
OSes  upon  exposure ;  it  is  not  magnetic.     An  analysis  gave : 

Sb,0»  Mn,0,         FeaOt  H,0 

13-09  70-01  1-91  15-00  =  100-01 

'or  this   the   formula    llMn,0, .  Sb^O,.  2lH,0    is   calculated. — 
^eol  lor.  Forh.^  vol.  xiv,  307,  1892. 


i8fi  Sciefil{p'c  /ntellii/fnfx.  ^H 

HjitSBOVFiTE  in  a  TuangsueHO  aTHeitale,  also  (lencribod  hy  Ibb/ 
tTB&M,  from  till!  same  locality.     It  ocoiini  iu  cryst*IIiQe  prsnuld 
>r  aeams  in  juoolwite.      Tlie  coUir  U   liyht   yellow,  resvioliling 
Bume  garnet,  but  Uh  )iur<ltii:Hi  is  h-M.    An  analynU  liAvv. 
Ah,0.  Ve.ih  Mnd  (^uO  PliO  11,0 

49'40  IV'29         'i"aO         3'(J1  r74         0'81  ~  \>nni 

It  iM  nut  I'lir  from  othi-i'  niangiuicaci  arwtitaLi-!!  acUinUy  di'iicrilKd 
nti'l  U  iioudH  fiirthui-  vxHitiinatiuii  tu  ]>ruvi-  lliut  it  is  u  dinlino 
mineral.— -/A(W. 


III.    MiscKixAKBous  SciKNTino  Intkllhucncic. 

Trait»aationa  of  tlir  Wiannntlu  Academy  of  Snieiuies,  Ap 
ami  LeUrrti,  vol.  vi'ii,  tftt*S-18fll,  44fi  p)j.  Sv«.  Madison,  Wise 
'"112. — This  viilumo  uontnins  bvHtilint  otliur  piipi^rii,  llic  followin 
PliyMoal,  Gvologioiil,  ami  Naliirnl  Soicnoc:  Cbauilierlii 
Aililitioiiitl  L'viil»^tn-i'!s  iK-aring  on  tlip  lutcrvul  WtwL-eii  the  Gisci: 
Kpuubs;  \V.  M.  WlicoliT,  On  tlio  Ap[(endages  of  the  first  altdon 
in&l  Bvgmcnt  of  oinbryo  IiiscctH  {54  pagi-fl  witii  9  plates) ;  C.  I 
Mftrsb,  UD  the  doep-water  Orn»iao«a  of  Green  Lakv ;  H.  I 
\400\a\a,  on  lilt'  offeei  of  chanf^!i  of  tempi^ratiivc  on  th«-  distrilio 
tioii  of  magnetism;  K.  Krpmers,  on  iho  Limonvne  group  « 
Terperms  (6a  pp.);  K.  A.  Itirge,  Lint  of  Ci-ustacea  Clwlocm 
froru  Madisoti,  Wisounaiii,  with  a  jilatt:;  l>Midc8  papers  by  C  R 
Viin  llisfl  and  F.  Levervtl  ttkat  have  nppi^arul  in  tliifl  Journal. 

a.  A  Dhttouary  of  Allitudes  in  the  United  Utatea,  Svconc 
Kditioii.  Compiled  by  Uesrt  Gam.vett,  Cliief  'rojtofjrni'liff 
;fil3  (.p.  8vo.  W;i!^lii [Igloo,  IHDI  (ISiilliaii]  No.  70,  ir.  S.  Grcl 
Survey). —Ill  the  new  edition  of  this  nwefiil  work  considerabi* 
iulditioiial  matter  has  bucn  added,  and  the  arrangement  iR  ehaiigi^) 
the  places  being  in  alphabetical  order  throughout  instead  ofbeine 
gri)ii|>ed  under  ihe  several  Stales. 

Through  Mr.  Giinnelt  tlie  Survey  has  recently  issued  an  excel 
lent  colored  contour-map  of  liie  I'nited  Slates. 

Joiiniul  o(  Atii«r!ciin  Ktlnioloc^'  "'"I  Archnsology.  eilited  by  J.  Waller  F«wkM 
Vol.  ii,  1»4  pp.  with  sevoral  illiisinttioDH.  Tliis  volume  oontniiie  ]»|iers  bv  Ox 
editor  on  11  few  Siimmw  ('ereinoiiialu  ol  the  Turiuynu  Pupi)!os ;  Salal  I'eremoiiio 
ol  the   Hopi    Iniliniis:    Itqwrt  ou    tlio  present   cmditioti  of  a   ruin   in   Arizooi 

Tlie  lliiJiiiiiini;  KirJ-^  li;  RoIiltI  Kidnewny.  This  nork  ol  I5D  p»g>'S.  vitli  <i 
pliiti-M.  is  troiH  tlie  Iti'iHirt  of  llie  Xaliunal  MiiHciiiii  fur  li-im.  pp.  2a3-.(83. 

.Silk  D^einic.  I'rititiiijc  aiiH  h'inisliitif;.  by  U.  II.  Hurst,  F.C.S..  ::>G  pp.  IJM 
with  1 1  pUCos  of  saniplta  of  uoloreil  silks.  l.oil<1nn.  1  S9l', — George  Boll  i  a«» 
[/>iidon  Hud  New  York. 

PriLCipiesot  Uie  Aluvbra  of  Plivsics.  bv  A.  Macfarlniie,  Fellow  of  the  Ri? 
Soc  of  Kdinburgli,  I'rof.  Hiys  miv.  Toms.  11"  pp.  Svo.  .Saleni,  .Masi.— S«l« 
rrean  ["iiblishi  ng  And  friutiiiK  I'o. 

Till'  Optiful  IndiOHtrii  ntid  Ibe  TraimiiissioD  o(  Light  in  Crvstii!*.  M  I 
Klitcher,  M.A.,  t'.li.S  1  !■•  pp.  Svo.  with  ■.;!  wooil  oils.  I^u.ioii.  I  C9:;.-ll(nr 
Frowdt'i    M.u-milhiii  &  To.  Sew  York 

Anuiinire  l>euloijii|iii'  Uuivcrsui:  Itevuf  di-  Geologic  et  Pal^ntologle,  li;  D 
I..  UnreE  at  11.  Doiiville.  Annt-e  1890.  Tome  vii,  i'i  Fascieule.  pp.  817  to  IIS 
Paris.— Conip loir  tieo).  <le  Paris. 
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Abt.   XXXIV. — On  a  Col&r  System;   by  O.  K   Eood, 
Professor  of  Physics  in  Columbia  College. 

[Read  before  the  National  Academy  of  Sciences,  Nov.  I2tb,  1891.] 

It  is  possible  to  combine  by  rotation  a  circalar  disc  of  card- 

l)oard  painted  with  vermilion,  witli  a  similar  disc  covered  with 

ablnish-green  pigment  exactly  complementary  to  the  red,  and 

to  ascertain  whether  by  mixture  a  gray  is  producjed  when  the 

two  colored  areas  are  equal.     If  such  should  be  the  case,  in  a 

certain  sense  we  could  sav  that  these  two  colors  were  equal,  in 

^)ite  of  diflferences  of  luminosity  or  amounts  of  white  light 

mingled  with  them.    If  it  were  found  that  to  make  the  mixture 

Bentral,  more  or  less  red  were  required,  we  could  assign  to  the 

▼ermilion  disc  a  coefficient  of  1,  and  to  the  blue-green  disc  its 

proper  coefficient  whatever  that  might  be.     Supposing  for  the 

lie  of  simplicity  that  the  coefficient  of  the   blue-green   disc 

wiB  also  equal  to  unity,  we  then  could  mark  the  positions  of 

the  two  colors  at  the  extremities  of  a  straight  line  and  at  its 

middle  point  locate  white  (gray),  and  we  would  then  have  a 

Hne  containing,  so  lo  speak,  all  possible  mixtures  of  these  two 

colore,  and  by  simple  processes  could  indicate  on  it  the  posi- 

tbiw,  and  consequently  coefficients,  of  any  red  or  blue-green 

iiUfaceB  having  hues  of  the  same  character ;  for  example,  a  red 

'Orface  reflecting  half  the  amount  of  red  light  of  our  standard 

^9C^  would  be  located  half  way  between  the  positions  of  the 

standard  red  and  of  white,  while  another  red  disc  might  even 

^Hd  its  position  on  the  same  line  outside  of  our  standard.     In 

^  these  cases  the  vermilion  disc  would  be  the  material  stan- 

AJf.  JOUB.  SOI.— TSIRD  SlBIBS,  VOL.  XLIY,  No.  262.— OOTOBBB,   1892. 
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dard  to  wbieh  a  great  number  of  rede  and  bine-greens,  moreor 
less  pale  or  intense,  could  be  quantitatively  referred.  But  it 
might  be  possible  to  go  farther,  and  to  be  aole  to  ear  that  onr 
standard  vermilion  disc  reflected  tbi;  eume  amount  of  red  li^bt 
that  is  furnigbed  by  white  card-board  under  the  same  illulnln^ 
tion,  or  that  at  all  events  it  redected  a  known  fractional  part 
of  it.  All  the  colors  just  epoken  of  would  then  be  rinuaHT 
referred  to  white  card  board,  or  to  some  other  white  reflectiag 
Burfaee  as  might  be  determined  on.  and  the  standard  red  diK 
could  at  will  be  reproduced  at  any  time  or  in  any  part  of  tb* 
world.  To  the  reproduction  of  standard  red  discs  I  have  not 
devoted  much  time,  afi  before  they  can  be  made  valuables 
much  more  difficult  problem  mnst  be  solved. 

For  if  we  undertake  to  go  farther  than  the  proceeding  jnsl 
indicated,  and  build  up  a  whole  system  of  colors  we  are  imme- 
diately confronted  by  the  fact  that  we  are  quite  unable  to  leaw 
our  line;  or  for  example,  to  express  the  amount  of  oranee 
colored  light  or  of  green  light  reflected  by  other  discs  in  the 
same  terms,  or  to  bring  them  all  into  one  system.  As  Ilelm- 
holtz  has  remarked,*  masses  of  colored  light  which  when 
mixed  with  their  complements  furnish  in  pairs  the  same  white, 
may  be  said  to  belong  to  the  same  system  and  may  be  located 
at  equal  distances  from  the  same  center.  A  set  ol  ideal  A\»a 
which  when  combined  pair-wise  all  fnmiahed  tlie  same  white, 
would  in  this  system  find  their  positions  on  the  circumference 
of  a  circle  with  white  at  the  center.  But  it  is  not  practicahle 
to  experiment  directly  in  this  way,  as  it  is  nearly  impossible  to 
measure  directly  the  .imounts  of  white  light  mingk-d  with  the 
colored  in  the  case  of  painted  surfaces. 

I  have  employed  a  difEerent  proceeding  and  bnilt  up  with  il 
a  reproducible  system,  which,  as  far  as  I  can  ascertain,  is  the 
one  above  indicated.  Let  us  suppose  that  the  positions  of  onr 
standard  I'cd  and  its  complement  have  been  laid  down  at  the 
extremities  of  a  line  with  white  at  its  center :  we  then  combiaa 
with  the  red  disc  a  green,  which  is  a  little  too  blue  to  be 
strictly  complementary,  and  obtain  the  best  neutralization,  the 
gray  iiirnisbed  having  the  least  perceptible  color,  and  we  will 
suppose  that  this  takes  place  when  the  areas  of  the  two  colored 
surfaces  on  the  composite  disc  are  equal ;  we  shall  then  know 
tliaf  the  nuw  color  alsu  bebngs  on  tlie  circle  not  far  from  the 
ciuiiplomctit  of  vcnriilion.  One  step  has  thus  been  (akeo, 
\vr  'i.n  r  1..-I  ii  hii-  (..  !■■  !\  !■  'iin  (!  i-t  liiiB  of  mixtuTes.  Weeau 
Hm'        !■    I  ■■  '  ■■    II' the  eomplementof  thisnew 

l.!i' .    ■  ■     '■        I  ■■jMii;^e  than  the  vermilion;  or 

ln'th  r  -III;,   ".i    II  :i^\     ,,'i|!,iin.   i'',,.   [i|.w  color  with  One  that i« 

•  n^TLfll.udi  dcr  rhVNDlogUchen  Optik,  p.  287. 
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till  more  refran^ble  than  its  true  complement,  and  locate  a 
lisc  which  is  still  more  orange,  advancing  thus  more  rapidly 
Q  the  work.  In  the  same  way  this  orange-red  disc  will  enable 
LB  to  add  a  still  bluer  green,  until  in  this  way  all  the  colors  of 
he  chromatic  circle  have  been  provided  for  and  all  our  colored 
liflCB  have  received  coefficents^  lor  of  course  it  will  rarely  hap- 
pen that  the  actual  positions  of  the  colored  discs  fall  on  the 
irde,  mostly  they  will  be  well  inside  of  it.  The  first  part  of 
be  work  then  consists  in  assigning  coefficients  to  a  series  of 
Nunted  discs  which  are  arranged  so  as  to  have  only  small  pro- 
preesive  differences  of  color. 

Mode  of  experiTnenting. — To  compare  together  colors  which 
ire  not  strictly  complementary  a  number  oi  precautions  must 
)e  taken.  In  the  first  place,  the  pairs  of  discs  employed  should 
ilways  have  as  nearly  as  practicable  about  the  same  coefficients ; 
^nsequently  the  selection  of  the  colored  papers  oflFers  very 
M>n8iderable  difficulty,  and  in  the  majority  of  cases  it  has  been 
necessary  for  me  to  prepare  the  paper  specially  for  each  case  as 
it  arose.  Of  course  it  is  desirable  to  use  papers  with  as  high 
eoefficients  as  possible,  but  cases  occur  where  one  is  compelled 
to  use  lower  coefficients  (blues  and  cyan  blues)  and  in  these  it 
is  always  necessary,  so  to  speak,  to  take  a  fresh  start,  and  to 
descend  to  the  lower  coefficient  by  a  line  passing  through  the 
e^ter  of  the  circle  and  not  outside  of  it,  that  is  by  reaching 
the  other  side  of  the  circle  by  the  aid  of  a  coinplementary  disc 
with  a  lower  coefficient. 

It  is  absolutely  necessary  that  the  eyes  should  be  thoroughly 
rested  after  each  individual  observation,  and  they  should  be 
protected  from  side  lights  by  a  hood.  Only  the  central  por- 
tion of  the  retina  should  be  used ;  that  is,  the  colors  should  be 
observed  through  a  small  aperture  in  blackened  card-board 
beld  at  arms  length.  It  is  an  advantage  and  a  saving  of  time, 
to  protect  the  eyes  with  quite  dark  neutral  spectacles  while 
eoeaged  in  the  manipulations  not  involving  observation  of  the 
eolors. 

As  a  source  of  illumination,  sunlight  falling  on  a  stretched 

Aeet  of  bleached  cotton  cloth  was  employed,  and  only  the 

konrs  near  noon  were  utilized.     The  frame  with  the  white 

doth  was  outside  of  the  window,  inclined  at  a  suitable  angle, 

*nd  consequently  was   behind  the  observer  as  well  as  placed 

•ymmetrieally  to  the   colored   discs.     Extraneous   light   from 

fiaildings  and  blue  sky  was  screened  off  and  the  room  suitably 

<iarkened.     If  light  from  a  uniformly  overcast  sky  is  employed 

•  different  set  of  coefficients  will  be  obtained,   and  there  is 

ri&aison  to  believe  that  they  vary  somewhat  with  the  nature  of 

lie  sky  on  such  days. 
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In  some  observations  it  was  found  advisable,  for  the  saki 
uaing  bipli  coefficients,  to  employ  paper  which  was  sligl 
fuf^tive,  but  Vjy  property  arranging  the  process  the  evil  eS 
of  thiB  were  obviated. 

The  coefflclents  of  two  strictly  complementary  discs  ari 
their  distances  from  the  center  or  from  white,  and  this  dista 
is  of  course  measared  along  the  two  radii  that  make  up 
diameter,  bnt  in  tbe  method  used  by  me  for  colors  not  stri< 
complementary,  the  coBine  of  a  small  angle  is  iiecessa 
employed  and  treated  as  if  it  were  a  radius.  The  angles  u 
however  were  quite  small,  from  l°-5  to  3°,  and  consequei 
the  error  in  any  individual  case  was  inaignificaDt,  but  ii 
cumulative  and  tinally  becomes  comparable  with  tliose  of  ob 
vation.  After  the  uncorrected  results  have  been  plotted  i 
Newton's  diagram,  the  angular  distances  of  tbe  colors  will 
known,  very  nearly,  and  the  small  errors  from  this  geometr 
source  can  be  corrected  and  a  fresh  diagram  constructed. 

As  above  stated,  it  was  not  found  advisable  to  employ  anj 
larger  than  about  3°,  since  with  larger  angles  the  results  n 
more  uncertain,   while  with   the   angle  above   indicated 
manipulation  was  hardly  more  difficult  than  in  the  case  of  tr 
complementary  discs. 

Mode  of  atctrtaining  the  mott  neutral  mixturt. 

Let  U8  suppose  that  we  wish  to  obtain  the  moat  neutral  id 
tiire  that  can  be  fiirniehod  by  yt^How  and  blue  discs  that ; 
not  complementary ;  the  best  method  of  procedure  aceordi 
to  iny  experience  is  the  following:  a  pair  of  large  blue  a 
yellow  discs  are  combined  as  shown  in  figure  1,  and  on  I 
same  axis  cornea  a  black  and  white  disc  dostmed  to  furnish  I 
comparison  grays,  and  again  on  this,  smaller  yellow  and  hi 
discs  cut  from  the  same  papers.  Of  course  these  three  co 
pound  discs  can  be  varied  independently  of  each  other.  ^ 
i_  start  now  with  an  amount  of  yellow  on  I 

larger  disc  which  is  far  too  small  for  ! 
proximate  neutralization,  and  on  I 
smaller  disc  with  still  much  less  3'ellow,  a 
\  call  tbe  diflference  between  the  sectors  1 
-  interval.  This  interval  in  any  given  e; 
/  is  always  to  be  kept  roughly  constant,  a 
the  more  nearly  complementary  tbe  di 
are,  the  smaller  it  may  be  made.  Then 
however  no  gain  whatever  in  trying  undi 
to  diminish  it,  and  such  attempts  tend  only  to  defeat  th 
object,  it  being  far  better  and  safer  to  have  the  interval 
large  than  too  small.     The  arrangement  in  tignre  1  indies 
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the  first  position  for  discs  that  have  nearly  the  same 
ent,  but  are  quite  removed  from  being  complementary. 
>n  as  the  compound  disc  is  set  in  rotation  it  will  be 
1  that  the  mixture-tint  furnished  by  the  larger  disc  is  the 
>lored  of  the  two,  and  the  amount  of  yellow  in  it  is  to 
•eased,  the  smaller  disc  following  with  the  same  interval, 
is  proceeding  is  to  be  pushed  forward  till  the  observer 
t)le  to  decide  whether  the  larger  or  the  smaller  disc  is 
er,  the  least  colored.  Both  will  differ  sensibly  from  the 
ray  mixture,  and  the  two  pale  mixtures  will  differ  from 
»ther  in  hue,  still  after  some  practice  the  observer  will 
o  decide  with  promptitude  that  they  differ  about  equally 
;ray.  This  is  a  much  more  certain  and  easy  process 
in  general  only  a  little  color  is  present,  than  when  the 
^resented  are  at  all  decided,  and  this  is  the  reason  that 
Iding  up  the  system  the  advances  were  made  by  small 
The  first  half  of  an  observation  beinff  now  made  and 
jan  noted,  the  yellow  element  is  made  from  the  start  to 
iderate  considerably,  the  interval  is  preserved,  and  with 
•sed  approach  the  best  neutrality  obtained.  The  two 
2p  constitute  one  complete  observation,  and  if  the  maxi- 
reliability  is  demanded,  not  more  than  five  complete 
ations  in  any  one  case  should  be  made  on  the  same  day, 
g  more  profitable  to  devote  the  remaining  time  to  other 
linatious. 

an  example  of  the  results  to  be  attained  I  give  three 
determinations  for  five  discs  with  rather  low  coeflScients, 
umber  being  the  mean  of  only  three  complete  observa- 
aade  on  the  same  day  : 

CB9a -585  -676  -585 

Y6jt -606  -480  -486 

CB8 -466  -442  -462 

Y6J -432  -421  -428 

B28 %394  -384  -398 

3n  it  is  remembered  that  in  photometric  observations 
ing  light  of  the  same  color  the  error  in  any  one  observa- 
lay  easily  be  two  per  cent  and  more  it  will  be  seen  that 
esults  are  satisfactory  so  far  as  uniformity  goes. 

;he  methods  above  indicated  I  obtained  the  coefficients 
eries  of  slightly  differing  discs  ranging  in  color  from 
-yellow  through  red  into  purple,  and  on  the  other  hand 
i  somewhat  yellowish  green  through  cyan-blue  to  blue, 
instead  of  extending  the  process  all  around  the  circle,  a 
n's  diagram  was  constructed  using  the  standard  ver- 
disc,  the  extreme  green  attained  and  the  blue.     The 


i 
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angular  poBitionB  of  tbese  colore  wen;  not  arbitrarily  asenmel, 
but  determined  from  the  niixtnr«  e<]uiitiori  kiiiI  the  ascertained 
coefficients.  With  tlm  aid  of  tbis  trian^lo  and  color  equationt 
experimentally  obtained,  i  plotted  in  the  nsnal  way  the  poM- 
tioDe  of  five  of  the  diiics  awiu  in  tbe  building  up  process,  and 
calculated  their  coefficients  wilb  the  following  result : 
Kroct  oofI,  CalcuUud 

Gl    1-119  i-iofl 

01 1-221  1--231 

PIS 1-220  1-257 

GIB -867  -302 

Pi -671  -^m 

UY5,._ '806  -795 

GY5,  a  /freenisb  yellow,  was  quite  beyond  the  limit*  of  ths  I 
triangle. 

This  agreement  shows  tbat  the  zig-zug  process  employed  b?  ' 
me  is  honiogciieons  with  that  ordinarily  used  in  Sewtoa's 
diagram,  and  from  ttiis  it  follown  that  it  is  not  necessary  to 
determine  by  my  method  coefficicnt<>  for  a  gi*cater  number  of 
discs  than  will  fnrnisb  a  properly  sbaiK'd  trinngle.  and  tbsttk 
remainder  of  the  work  can  be  done  by  tlie  older  method.  It 
may  here  be  rcninrked  that  in  obtaining  the  fundamental  equa- 
tion for  the  construction  of  the  diagram  and  tboeo  for  locatiug  ; 
the  colora,  it  is  necessary  to  exercise  far  more  suspicious  cire 
than  is  the  case  in  the  direct  determinations  of  the  coefficients. 
Although  a  pure  gray  is  always  altainalde,  theoretically,  yplit 

the  best  way  is  to  employ  on  the  same  axis  duplicate  set£  of 
discs  separated  by  the  comparison  gray,  to  vary  the  manipnli- 
tion  and  multiply  the  observations.  The  work  having  pro- 
gressed thus  far  it  becomes  possible  to  ascertain  the  coeScient 
of  any  colored  surface  and  to  assign  it  a  position  in  tliu  dit- 
gram. 

It  maybe  remarked  tbat  the  angular  positions  assigned  to 
colors  by  the  method  just  described  agree  in  tbeir  main  fea- 
tures wilh  those  given  by  me  in  a  diagram  on  page  250  of 
"Modern  Chromatics,"  which  is  founded  on  contrast  observa- 
tions, the  main  differences  being  in  the  angular  positioai 
assigned  in  the  diagram  to  violet  and  blue-violet ;  tbese  would 
have  to  be  n.oved  about  15"  to  tbe  right,  i.  e,,  nearer  to  tin  \ 
other  blues  to  make  them  coincide  with  positions  furnished  bj 
this  system. 

I  give  here  some  of  the  coefficients  obtained  :  tbe  verrailioii 
with  ft  coefficient  of  1  had  only  a  moderate  brilliancy,  being 
made  of  English  vermilion  applied  to  card-board  as  a  paste: 
since  then  I  have  found  in  the  shops  a  red,  supposed  to  bt 
vermilion,  with  a  coefficient  as  high  as  1'174. 
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Chrome  yellow  (paste) '846 

«  "     '933 

"Pale"     "  '* -991 

Emerald  green       "     - ril9 

Prussian  blue  (wash) '364 

"  "  ««        -392 

Cobalt  blue  (paste) -562 

Artificial  Ult.  blue  (paste) -506. 

Crimson  lake  (wash) 1'23 

;  system  which  is  here  proposed  can  be  built  up  by 
imenters  and  ought  to  be  practically  identical  in  all  cases 
le  by  normal  eyes,  provided  the  same  standard  vermilion 
d,  or  the  coeracient  of  it  is  known,  or  in  general  if  the 
ig  point  is  made  from  any  disc  of  bright  color  the  coeflB- 
of  which  is  known.  As  before  stated  it  may  be  possible 
fter  to  refer  the  coefficient  of  the  vermilion  disc  to  white 
oard,  which  indeed  has  been  done  in  the  case  of  my  own 
rith  some  approximation  to  correctness.  The  system 
Jien  be  considered  a  fairly  reproducible  one,  but  the 
on  still  remains  as  to  its  nature.  The  thought  that  in  it 
ve  one  where  complementary  colors  having  a  determined 
dent  of  unity  furnish  the  same  gray,  naturally  suggests 
and  is  rendered  probable  by  the  following  considerations, 
tandard  red  and  its  true  complement  when  mixed  furnish 
;ain  gray,  and  it  is  evident  that  other  pairs  situated  at 
angular  distances  from  them,  such  as  10  on  either  side, 
jnsiblv  do  the  same.  This  furnishes  two  sectors  of  20® 
her  side  of  white  ;  but  the  coefficients  of  the  colors 
3d  within  them  are  reproducible  with  the  -aid  of  the 
le,  which  would  hardly  be  the  case  unless  the  colors 
3d  at  its  angles  obeyed  the  same  law,  viz :  furnished  the 
white  when  mixed  with  their  true  complements ;  this 
applies  to  the  reversed  triangle  and  the  two  provide  for 

two  opposite  quadrants  of  the  circle,  and  what  holds 
of  these  ought,  it  would  appear,  to  apply  to  the  remain- 
ladrants. 

J  question  whether  in  this  system,  all  the  colors  located 
5  circumference  furnish  by  mixture  the  same  white  when 
i  in  pairs,  is  quite  difficult  to  answer  by  actual  experi- 

as  in  the  case  of  most  of  the  discs  it  is  very  hard  to 
iin  the  relative  amounts  of  colored  and  white  light 
ed,  owing  to  the  well  known  fact  that  in  most  cases  por- 
of  the  colored  light  mix,  and  produce  what  amounts  to 
leterminate  amount  of  white  light.  Some  attempts,  with 
d  of  the  spectroscope,  of  colored  glasses  and  of  gray 
were  made  to  measure  the  actual  amount  of  standard 
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white  (^ray)  fiiruiBhed  by  the  uiixtnreof  ihvpvre  fandamental 
red  and   its  pure  complement:   a  nninber  wins   obtHiiicd  ei- 
pressed  in  terms  of  the  luminosity  of  white  curd-lKiard,  ind 
the  same  operation  was  performed  for  complementary  yellow- 
green  and  purple  as  well  as  for  yellow  and  bine  diiK:fi.     Willi- 
out  laying  much  etress  on  the  results  ohtAincd,  it  can  at  leatt 
be  said  that  they  did  not  render  improbable  the  idea  that  theH  [ 
pairs  all  fiimiehod  eooal  grays  when  united.     To  settle  tlii*   1 
problem  ex[>enmentully  would  of  course  rt»qnire  8  considerable   J 
amount  of  ckborate  work,  if  indeed  it  is  iit  prueeiit  capable  of    | 
such  solution. 

I  nhiill  be  ghid  to  furnish  without  coat  samples  of  colored  ^ 
paper  with  eoefficientfi  to  those  who  are  particularly  interested 
lu  these  matters. 


Abt.  SXXV.— J.H  OUreiite-hfaring  Pha»«  of  a  Metamorphie 
Gonfflomerate  in  the  Green  MmtntainB  ;  by  Csables  LiTf 
Whittle. 

[PubUshed  Wltia  p«Tmlae)oii  of  G.  K.  Gilbert,  Cblot  UeoloBiai,  U.  S.  Oeolo^l 
Surrej.] 

The  ecological  position  of  the  limestone  and  quartziteof 
the  Rutland  valley  has  lately  been  definitely  determined,  ihc 
limestone  paleontologieally  and  the  ouailzite  stratigraphicallj* 
Occurring  next  below  the  limestone  the  quartzite  is  the  nonbern 
continuation  of  the  Clarksburg-mountain  quartjiite  in  MaGsacbn- 
setts  in  which  Walcott  has  found  the  OlenolluB  fauna  ch^re^ 
tertstic  of  tlie  Lower-Cambrian  horizon.  About  one  mile  north 
of  Rutland  village,  in  Vermont,  Dr.  Wolff  and  Dr.  Foerste  were 
fortunate  enough  to  find  Lower-Cambrian  fossils  in  a  siliceoiu 
limestone  that  lies  superjacent  to  the  quai-tzite.  Northeast  of 
Butland  the  quartzite  is  found  associated  with  a  sandy,  phylli^c 
schist  that  belongs  to  a  series  of  metamorphosed  elastics  haTinj; 
a  vitreous  ([uartzite  or  conglomerate  at  its  base.  This  whole 
series,  barring  the  Lower  Cambrian  quartzite  and  limestone,  has 
been  subjected  to  the  most  intense  dynamic  action.  The  se- 
quence of  the  different  members  of  the  series  is  in  many  reeion* 
hopelessly  obliterated  and  confused  by  the  mountain-bui)diti|r 
forces  that  have  produced  new  structural  planes  and  a  new  min- 
eral composition  ;  and  have  additionally  complicated  the  gec^ 
logical  order  of  succession  by  sharp  folding,  as  a  rule  too  mncii 
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ivolved  for  decipherment  These  phenomena  are  particularly 
roe  of  the  conglomerate  horizon  and  its  many  phases,  and  it  is 
1  this  rock  that  I  wish  to  describe  some  of  the  evidences  and 
Sects  of  metamorphism  shown  by  the  destruction  of  old 
lastic  minerals  and  in  the  production  of  new  ones. 

Occurrence  of  ottrelite  8chist,-^0ne  of  the  most  conspicuous 
hases  of  the  conglomerate  is  due  to  the  development  of  ottre- 
te  in  great  abundance  so  that  it  is  not  uncommon  to  find 
ally  twenty-five  per  cent  of  the  rock  made  up  of  this  mineral, 
'he  ottrelite  is  commonly  most  abundantly  developed  where 
le  rock  has  now  a  well-marked  schistose  character  that  is  due 
ither  to  an  original  fine-grained  deposit,  or  is  a  result  of  the 
rearing  and  crushing  action  of  dynamic  forces.  It  is  often 
>und,  however,  occurring  in  the  groundmass  of  the  coarsest  con- 
loinerate  or  along  planes  of  shearing  in  a  blue,  hyaline  quartzite. 
till  another  phase  is  more  nearly  massive,  fully  forty  per 
3nt  being  ottrelite,  the  rock  at  first  sight  simulating  in  appear- 
Qce  some  porphyritic  hornblende  dike.  The  rock  is  a  very 
ariable  one,  but,  considered  as  a  whole  it  forms  one  of  the 
lost  important  stratigraphical  horizons  found  in  the  more 
rystalline  areas  of  the  Green  Mountains.  In  lateral  extension 
;  has  been  traced  with  unimportant  breaks  all  the  way  across 
be  Green-moontain  anticlinal  axis,  as  mapped  by  Hitchcock,* 
rom  Mendon,  Vt.,  to  North  Sherburne,  Vt.  In  vertical  exten- 
on  it  has  considerable  thickness  although  accurate  determina- 
on  is  very  diflBcult  owing  to  the  obliteration  of  planes  of  bedding 
1  many  instances  and  the  complexity  of  the  flexures ;  but  it  seems 
ife  to  assume  a  thickness  of  several  hundred  feet,  at  least  in  sev- 
ral  localities  that  have  been  most  carefully  studied,  viz  :  a  spur 
ctendiug  south  from  Mount  Carmel,  in  the  town  of  Chitten- 
Bn,  and  the  east  and  west  crest  forming  the  southern  portion 
f  the  mountain,  somewhat  inappropriately  named  "  Old  Aunt 
al,"  in  the  town  of  Mendon.  The  phases  studied  thus  far  in 
le  laboratory  are  from  this  latter  locality  and  from  the  western 
art  of  the  "Rabbit  Ledge"  just  south  of  Mendon  "City." 

Physical  and  microscopical  characters. — In  the  hand  speci- 
len  the  ottrelite  of  the  most  massive  occurrence  of  the  ottre- 
te-bearing  rock  appears  either  as  isolated  areas  generally  with 
idely  circular  outhnes,  or  groups  of  these  in  a  background  of 
negrained,  pinkish-brown  to  dark  purple  quartz,  in  places 
instituting  nearly  pure  ottrelite.  These  areas  possess  an 
^proximate  common  diameter  of  about  three-sixteenths  of  an 
ich.  In  structure  they  are  made  up  of  tabular  areas  of 
idiating^  imbricated  plates  generally  arranged  in  essentially 
le   plane    for    any  single   area ;    but   the   positions  of   the 

*  See  fig.  4,  Section  VI,  Hitchcock's  "  Green  Mountain  gneiss,"  Geol.  of  Vt.,  vol. 
1861. 
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different  areas  Beem  in  tbe  main  to  be  accidenta],  altlioiigh 
locally  they  may  be  arranged  parallel,  as  ehown  by  a  tendency 
in  tbe  roeke  to  cleave  into  rude  slabs, — a  tendency  augmented 
by  thin  folia  of  eericita  A  well-marked  spheroeryetAlline 
habit  characterizes  all  tlic  ottreltte  areas ;  in  some  this  radinted 
growth  seeme  to  be  perfect. 

Microscopically  tbe  radiated  structnre  is  much  more  evident; 
composite  and  fan  ebaped  areas,  penetrating  one  anotlier  irre^- 
larly  coexist  with  ieolated  prisms  ind  beautiful  epberocryetal- 
line  aggregutee  yielding  imperfect  croseea  in  polarized  light. 
Only  sections  cut  parallel  to  tbe  bundles  of  plates  (basal  t«c- 
tioua)  show  well  tbe  radiated  structure;  all  other seetions show 
this  character  less  and  less,  dependant  upon  tbe  plane  of  the 
section  nntil  it  is  transverse  when  the  mineral  appears  prismatic. 
The  areas  of  the  spherocrystiils  are  not  infrequently  bounded 
by  overlapping  six-sided  plates  of  which  three  are  usnally  free; 
the  others  are  iTitergrown  and  confounded  in  the  central  por- 
tion of  the  aggregate. 

The  extreme  mobility  of  tbo  ottre  lite -bearing  solution  is 
indicated  by  tbe  manner  the  ottrelite  needles  have  insinniited 
themselves  into  included  feldspar  grains  along  no  visible  linct 
of  fissnring. 

As  in  alt  described  occnrrences of  this  mineral  an  abnndance 
of  inclnsions  exists.  It  is  noticeable  that  while  qnart^  and 
occasionally  feldspar  are  incladed,  sericite,  which  is  tbe  prio- 
cipal  micaceoii.s  constituent  of  the  rock,  is  seldom  enclosed  bv 
the  growing  ottrelite,  hnt  may  be  wholly  or  in  part  tbe  niiclen* 
about  which  an  aggregate  formed.  Sneb  nuclei  seera  to  iiai'e 
governed  the  growth  of  the  ottrelite.  There  is  a  tendency  is 
tno  mineral  formed  for  the  plates  to  orient  themselves  parallel 
to  the  sericite  nucleus  so  that  when  such  a  nucleus  is  surrounded 
by  basal  ottrelite  it  is  apt  to  be  basal  also.  By  far  the  niwl 
abundant  interpositions  are  a  multitude  of  extremely  minote 
black  to  brown  dots  and  atrgregates.  These  with  a  No.  1 
objective  are  resolved,  in  the  main  into  rntile  oeenrring  in 
knee-shaped  and  hcart-sbaped  twins  but  generally  in  rounded 
forms  in  which  twinning  is  not  distinguisbable.  In  other 
cases  the  highest  objectives  are  incapable  of  individiinliz- 
ing  tbe  grains  as  is  mentioned  by  Renard  in  bis  "  ResearcheB 
Snr  la  Composition  et  La  Structure  Des  Phylladea  A^ 
denncs."*  In  some  crystals  the  rntile  is  gmuped  in  reticu- 
lated lines  conforming  rather  rudely  to  the  planes  of  the  two 
f)rincipai  cleavages;  bnt,  as  a  rule  grouped  along  irregular 
ines  that  traverse  the  ottrelite  and  the  groundmass  ^like,  and 
was  arranged  originally  in  structural  lines,  possibly  depositionil 
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erwards  were  bnilt  into  the  ottrelite  with  total  disre- 
im;  observed  relatioD&hip,  in  the  same  manner  that 
ind  feldapar  droplets  were  bnilt  into  albitee  in  another 
'  this  rock.  Other  inclnBions  are  graphite  (determined 
gration)  and  little  coffee-brown  iTmenite  platea  (titan- 
nmer).  A  powerful  cnrrent  from  an  electromagnet 
to  the  rock  powdered  and  run  through  a  ISO-mesh 
iled  to  attract  bnt  little,  so  that  magnetite  and  prob- 
rons  oxide  are  abeeat.  The  asual  test  for  titaoinm 
lositive  reaction. 

biotite  and  chlorite,  pleochroic  zones  about  crystala  of 
xe  very  common  in  the  ottrelite  and  the  characteristic 
nee  of  tnaximnm  pleochroism  upon  maximum  pleo- 
of  enclosing  mineral  is  observable.  While  zircon 
occupies  the  centers  of  these  zones,  others  occur,  hav- 
erceptible  associated  inclnsion,  bnt  are  circular  areas  of  a 
h  color,  not  resolvable  with  the  highest  power,  that  are 
/  rntile  grains. 


BchiBt  ebon'iDg  fnrniition  ot  ottrelite  at  maaj  diScreat  points.  Each 
is  oriented  vith  all  Che  otliers.  formiDR;  a  large  area  baTiDK  a  geoeral 
■iitllne.  The  priara  (ai  haa  been  developed  tranaverae  to  the  scliistoaity  at 
The  background  (6)  is  [argelj  gneissic  quartz  with  some  secondary  feld- 

ngh  twinning  with  composition  face  parallel  to  O  is 
ommon  in  the  ottrelite  a  large  part  of  what  seemfi  to 
ning  is  seen  to  be  due  to  overlapping  plates.  As  the 
revolved  the  wavy  extinction  caused  by  this  may  be 
1,  —  the  usual  spherulittc  structure.  Examples  of 
^wth  set  up  in  several  places  at  the  same  time  occur 


1 
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in  the  rock,  where  eacli  part  is  controlled  by  every  otlier,  reunit- 
ing in  ail  irregiilarly-otitlined  prism  composed  of  many  indi- 
viduale.  These  partB  are  separated  by  areas  of  the  eroundmiue 
and  yet  Are  all  orienied  together  (see  ^g.  1).  This  pfienometion 
is  unlike  that  of  aridalueite.  whicli  occurs  bo  frefjiieiitlv  grown 
into  large  individuals  enwrapping  all  other  minerals  of  tlie  back- 
ground ;  but  is  anotlier  example  of  independent  parallel  growth 
analogous  to  that  of  (piartz  in  pegmatite.  Such  growths  are  com- 
mouiy  developed  ueurly  at  right  angles  to  the  layers  of  quartz 
and  feldspar  tliat  make  up  the  schistosity,  and  are  asaally  freer 
from  incIusionB  than  the  bundles.  They  occur  between  the 
main  areas  of  ottrelite  nud  may  represent  a  second  generation ; 
they  were  necessarily  formed  after  the  groundmass  was  con- 
verted to  a  moe»ic  by  granulation. 

The  same  phenomenon  is  noticed  in  the  mtile.  Little  yel- 
lowish-brown grains  of  this  mineral  developed  iu  the  inter 
Bpaoes  of  the  minerals  composing  the  bHckgronnd  tend, 
although  made  up  of  sennrale  and  aometimes  isolated  grains,  to 
orient  themselves  mi-allel  to  one  anotlier,  forming  groups  hav- 
ing prismatic  outlines.  These  groups  are  only  spanngljr 
developed,  but  when  observed  they  Are  generally  parallel  to 
one  another  and  to  the  schistosity  of  the  rook  and  are  restricted 
iu  their  occurrence,  like  the  ottrelite  individuals  just  described, 
to  the  most  qnartzoee  parts  of  the  rock  which  they  enclose  in  i 
the  same  manner  as  the  ottrelite. 

An  interlamination  of  chlorite  and  ottrelite  at  tiret  glance 
was  mifitiiken  for  either  the  contemporaneous  fornjatiou  of 
these  minerals  or  an  infiltration  of  chlorite  parallel  to  ttie 
basal  cleavage  of  the  ottrelite.  further  investigation,  how- 
ever, showed  that  the  chlorite  as  often  traversed  the  ottrelite 
irrfgularly  in  bifurcating  veins  and  enclosed  parts  of  it  (see  fijt- 
2).  A  atiidy  of  the  nature  of  these  veins  convinced  me  iW 
the  chlorite  is  an  alteration  product  of  the  ottrelite.  Tlie 
edges  of  the  veins  where  they  traverse  the  ottrelite  transveree 
to  the  basal  cleavage  are  jagged,  the  saw-like  teeth  projecting 
along  the  composition  faces  or  basal  cleavage.  The  chlorite  in 
such  cases  is  distinctly  made  up  of  little  fibers  which  have 
arranged  themselves  parallel  to  one  anotlier  and  to  one  set  of 
twinning  iamelhe.  Lines  of  inclusions  once  continuous  in  tbe 
ottrelite  now  stop  short  against  interlaminated  areas  of  chlorite 
showing  the  evident  secondary  nature  of  the  latter  mineral. 

In  other  places  the  chlorite  is  developed  along  the  basal  cleav- 
age, leaves  this  and  follows  one  of  the  prismatic  cleavages  and 
then  agiiin  follows  the  basal,  making  one  continuous  line,  produc- 
ing steps  in  much  the  same  manner  that  garnet  does  when  it 
undergoes  this  alteration.  Cores  of  unaltered  ottrelite  remain 
in  the  chlorite  and  the  pleocliroic  zones  once  in  tbe  parent  are 
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seen  again  in  the  secondary  mineral,  while  the  relationship  of 
maximnm  pleochroism  of  these  zones  to  the  greatest  pleo- 
ehroiBm  of  the  chlorite  is  handed  down  as  well.  This  metaso- 
matic  phenomenon  has  not  been  observed  in  other  phases  of 
the  ottrelite-bearing  conglomerate  thns  far  studied  by  me. 


Alien tion  of  oUrelite  to  chlorile.  A,  oTerlappiDgpUteaotottrelite.  B,  bifur- 
Mting  veiD  o(  chlorite  allomorpbosed  after  ottrelite  and  iadudiug  cores  of  unal- 
tered DUDera].     C,  q-jartz  aad  feldspar  mosaic. 

The  background  of  the  rock  is  composed  about  eqnally  of 
qaartz  and  feldspar  as  principal  constituents.  The  feldspar  is 
Tresh  and  glassy,  nntwinned  and  is  probably  albite  ;  but  it  is 
hardly  abnndant  enough  in  the  ottrelite-bearing  phases  to 
make  the  rock  a  gneiss  even  in  mineralogical  composition; 
and,  stractnrally,  a  gnei^sic  habit  has  been  nowhere  observed 
vhere  ottrelite  exists  to  any  extent.  Sericite  is  aJeo  abundant 
and  occnrs  in  minnte  prisms  between  the  interlocking  quartz 
grains  and  enclosed  by  the  albite  generally,  and  rarely  by  the 
ottrelite.  It  also  encloses  lines  of  rutile  dots  arranged  parallel 
to  its  cleavage  planes,  and,  next  to  the  ottrelite  it  is  tne  last- 
formed  mineral. 

Associated  with  rutile  in  the  groundmass  are  groups  of  stout 
and  slender  prisms  and  plates  having  a  very  high  single  and 
double  refraction  and  a  variable  color  from  brownish-yellow  to 
blofl  even  in  the  same  individual.  These  I  identified  as  anatase 
and  for  verification  I  studied  Diller's  sections  described  in  bis 
eoDtribntion  on  "  Anatas  als  Umwandlungsprodukt  von  Titanit 
im  Biotitamphibolgranit  der  Troas."*      Unlike  the  anatase 

"N.  J.  fi.,  1,  1883,  pp.  187-193. 
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tliere  descrilied  it«  occurrence  in  narrow  prismB  in  this  rock 
together  with  itB  maltitude  of  nitilc  inclusions  seem  escep- 
tionul.  The  stouter  prisms  have  terminal  faces  of  an  octa- 
hedron and  range  in  Eize  from  A  to  ,1^  of  a  millimeter  in 
length.  Ab  the  stage  is  revolved  the  pleoohroism  seems  onlr 
the  intensification  of  tlie  inherent  color  of  the  mineral :  hrownE 
hecome  browner  and  bines,  biner.  The  preeeiice  of  mtile 
inclnsionE  shows  the  anatase  to  have  formed  after  that  mineral 
and  suggeeta  the  probal)ility  of  its  being  a  parainorpbic  product 
of  the  rntilc  inclusions. 

Kutile  dote  and  prisms  exist  in  mnltitudes  enclosed  by  all 
other  minerals  of  a  secondary  nature.  They  are  bo  extremelj 
minute  that  even  in  a  very  thin  section  they  foene  in  six  or 
more  different  planes. 

All  traces  of  original  clastic  material  in  the  rock  have  dis- 
appoarcd:  feldspar  dotritns,  if  it  once  occurred,  has  been  con- 
verted into  a  niosaio  of  quartz,  sericite,  biotite  and  probablT 
albite,  and  the  detrJtal  quartz  lias  been  granulated.  The 
existing  feldspar  is  the  chstracteristic  untwinned  glassy  variety 
carrying  quartz  and  Bcricite  inclnsions  so  common  throaghont 
this  horizon,  and  was  formed  after  the  granulation  of  the  rock, 
since  granulation  could  not  have  taken  place  without  straining  or 
crushing  it.  Nearly  all  the  quartz  is  sprinkled  with  rutile  incJn- 
sions,  but  it  is  noticed  the  larger  areas  have  less  of  them  ami 
may  be  cores  that  have  escBped  granulation.  Their  preaence, 
however,  in  such  abundance  militates  against  the  probability 
of  any  of  the  quartz  being  allothegenie  and  indicates,  rather, 
its  secondary  nature.  In  the  same  way  quartz  may  encloM 
plates  of  micaceous  ilmenite  but  does  not  enclose  sericite 
There  is  evidence  of  two  periods  of  dynamic  action  indi- 
cated by  a  faint  wavy  extinction  in  the  feldspar,  in  soine 
instances  and  by  the  bending  and  breaking  of  ottrelite  prisms. 

We  have  then  in  this  rock  three  titanium-bearing  minerals 
(ilmenite,  nitile  and  anatase)  ottrelite,  chlorite,  feldspar  and 
quartz.  What  is  their  genetic  order  of  development  ?  This  is 
a  difficult  question  to  answer  without  more  data  and  is  particu- 
larly difticnlt  in  the  cases  of  the  ottrelite  and  rntile.  Tbe 
relative  position  of  the  former  mineral  can  be  deteriiiiDed 
easily,  hut  the  source  of  the  solution  introducing  it  is  not  easily 
discovered.  Ottrelite  was  formed  after  the  rock  nad  undergone 
metasoniatic  and  dynamic  changes  that  converted  its  clastic 
feldsimr  to  its  resultine  minerals,  after  its  detrital  quartz  was 
sugared  and  the  rock  bad  become  a  stable  aggregation  of 
minerals  under  the  conditions  of  environment  flien  existing. 
This  environment  changing,  owing  to  one  or  more  of  the  mmy 
factors  affecting  the  character  of  a  rock  mass,  ottrelite  was 
introduced  probably  and  seemingly  necessarily  from   some  ex- 


L.  NichoU — Age-coating  in  Incandescent  Lamps.    277 

• 

•U8  source.  The  environment  of  the  rock  underwent  a 
change  and  this  was  probably  an  elevation  which  Btrained 
t)ite8,  fissnred  the  ottrelite  and  subjected  the  rock  to  nor- 
irface  weathering,  during  which  the  conversion  of  ottre- 

chlorite,  was  initiated.     Prior  to  the  granulation  of  the 

constituents  the  titanium  in  some  combination  must 
existed  in  the  rock,  but  the  mineralogical  nature  of  this 
nation  is  obscure.  The  most  likely  source  of  rutile  is 
jome  titanium-bearing  iron  oxide  the  presence  of  which 
3t  been  made  out  definitely  except  in  the  case  of  mica- 
ilmenite,  itself  manifestly  of  a  secondary  nature,  occur- 
18  it  does  in  a  clastic  rock,  and  which  yields  no  evidence 
eration.  Ordinary  granular  ilmenite,  such  as  occurs  so 
antly  in  phyllites,  wliich  is  prone  to  decomposition,  was 
ikely  the  common  source  for  all  three  minerals  carrying 
im,  the  rutile  being  an  intermediate  stage  in  the  for- 
1  of  anatase.  The  micaceous  ilmenite  was  developed 
\  the  formation  of  the  gneissic  quartz,  since  the  latter 
es  it ;  the  anatase  probably  forming  after  the  quartz,  as 
irs  in  the  interstices  between  the  quartz  grains, 
bis  be  a  correct  interpretation,  the  order  of  crystallization 

existing  minerals  is  essentially  as  follows :  first,  rutile  and 
sous  ilmenite  followed  by  the  formation  of  gneissic  quartz 
ing  them  and  coincidently  the  growth  of  sericite-enclos- 
itile.  The  glassy  feldspars  were  then  formed  enclosing 
J  previously  formed  minerals,  and  the  anatase  may  have 
ed  as  an  alteration  product  of  the  rutile  at  about  this  stage 
5  rock's  history.  Then  the  ottrelite  began  its  growth, 
ling  all  the  other  minerals  in  the  rock  and  finally  the 

alteration  of  this  mineral  to  chlorite  closes  its  history  up 

present  time. 

>hdge,  Mass.,  March,  1892. 


XXXVI — The  Age-coaling  in  IncandeHceni  Lamps; 
by  Edward  L.  Nichols. 

[Experimental  work  by  Messrs.  B.  E.  Moore  and  C.  J.  Ling.] 


tributions  from  the  Physical  Laboratory  of  Cornell  University,  No.  11.] 

lEN  an  incandescent  lamp  is  maintained  at  constant  volt- 
t  invariably  falls  off  in  candle-power.  The  diminution 
ghtness  is  attended  by  an  increase  in  the  amount  of  energy 
med  per  candle-power  of  light;  this  change  being  spe- 
marked  in  the  earlier  portion  of  the  life  of  the  lamp. 
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This  phenoraenoD,  which  Beeme  to  take  place  in  all  incandes- 
cent lamps  of  the  present  day,  was  firet  studied  exhaustivefv 
by  Mr.  W.  H.  Pierce,  who  road  a  paper  entitled  "  The  Relation 
between  the  Initial  and  Avorago  Efficiency  of  Incandescent 
Electric  Lamps,"  before  the  American  Institute  of  Electrical 
Engineers,  in  1889.*  Mr.  Pierce  made  a  carefnl  sttidv  of 
ninetv-four  lamps,  inclnding  nearly  all  the  types  of  glow-lamp 
then  m  use.  He  found  no  exception  to  the  rule  of  progressive 
degeneration,  t 

These  changes  may  be  ascribed  to  at  least  three  candies:  loas 
of  vacuum,  inci-ease  of  resistance,  due  to  the  disintegration  of 
the  tilament,  and  finally,  the  deposition  of  the  disintegrated 
carbon  upon  the  inner  surface  of  the  Ump-bnlb.  It  was  the 
object  of  the  experiments  to  be  described  in  this  paper,  to  make 
a  study  of  this  coating.  We  endeavored  (1)  to  determine  lU 
character;  that  is  to  say,  whether  it  is  colorless,  or  is  selective 
in  the  particular  rays  it  abeorl»;  (2)  to  learn  something  about 
the  rate  and  distribution  of  deposit;  and  (3)  to  determine 
how  far  the  absorption  of  light  by  the  coating  is  accountable 
for  the  diminution  in  the  brillianey  of  the  lamp. 

For  the  determinations  under  the  first  head,  we  made  use  of 
a  form  of  polarizing  epeetro-photometer  which  has  been  more 
than  once  described  in  the  pages  of  tbia  Journal.}  The 
standards  of  light  were  incandescent  lamps.  Thcee  were  main- 
tained at  a  candle-power  cooslderabiy  below  the  normal,  tint 
the  changes  taking  place  in  them  might  be  slow.  Frequent 
comparisons  of  their  spectra  showed  that  the  relative  changes 
of  brightness  and  quality  of  tight  were  inappreciable. 

The  tirst  step  in  our  investigation  consisted  in  the  measure- 
ment of  the  absorption  spectra  of  the  bulbs  of  certain  unused 
lamps,  which  had  been  selected  for  study.  These  lamps  were 
then  brought  to  degrees  of  incandescence,  previously  agreed 
upon,  and  were  maintained  in  that  condition  by  means  of  tbe 
current  from  a  storage  battery  carefully  kept  constant,  antil 
they  showed  coatings  of  sufficient  density  to  admit  of  ready 
measurement.  They  were  then  taken  ont  of  circuit  and  the 
absorption  spectra  of  the  blackened  bulbs  were  determined 
These  readings  gave  the  amount  of  light  of  each  wave-ieiiptli 
absorbed,  and  by  repetition,  the  rate  of  deposition  duriug  dif- 
ferent periods  of  the  lamp's  existence.  The  entire  set  of  plie- 
toraetric  observations  were  duplicated,  but  since  the  tinal  results 

•Trans.  Am.  Inat.  E.  E.,  toI.  vi,  p.  233, 

f  Since  tbe  abcive  wok  written  an  esl^nded  ioTBitiKalinn  upon  this  subJMbU 
nppeared.  It  eutirelj  conBnns  the  resullB  obtained  bj  Mr.  Pierop.  (Se*  "i 
life  nnd  efficiency  tvat  oE  iuuandeEceut  lamps  "  by  Prof.  6.  F.  Thomtu  and  iitOMli 
Martin  and  Unaalerl,  Trnas.  Am.  InBt.  K.  K..  vol.  ii.  1833. 

I  Tbia  Journal,  vol.  ixxvi.  p.  AM;  also  Phil.  Mng.,  V.  iixii,  p.  404. 
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obtained  by  the  two  independeDt  observers  (Moore  and  Ling), 
were  in  agreement,  only  the  mean  of  the  two  sets  is  given  in 
the  following  tables. 

In  order  to  ascertain  precisely  what  part  in  the  decadence  of 
the  lamp  is  attributable  to  the  coating,  it  was  necessary  to  keep 
careful  watch  of  the  continually  shitting  electrical  and  plioto- 
metric  conditions  during  its  entire  life ;  and  in  order  to  main- 
tain in  each  lamp  the  precise  conditions  under  which  it  had 
been  determined  that  it  should  be  burned,  measurements  of 
candle-power  and  voltage  had  to  be  made  at  short  intervals, 
together  with  continual  readjustments  of  the  current. 

Fourteen  lamps  in  all  were  selected  for  the  investigation. 
These  were  of  two  widely  different  types,  representing  the  two 
great  classes,  viz :  lamps  with  untreated  and  with  treated  fila- 
ments. Of  these,  some  were  maintained  at  the  voltage  indica- 
ted by  the  maker,  or  at  predetermined,  constant  voltages  other 
than  this.  Others  were  kept  at  constant  candle-power  through 
out  their  entire  life,  the  current  being  increased  whenever  the 
decrease  in  brightness  due  to  increasing  age  had  become 
appreciable. 

From  the  data  obtained  in  this  way,  the  life  curves  of  the 
various  lamps  were  plotted,  showing  the  variation  in  candle- 
power  or  voltage  respectively,  of  resisrance  and  of  efficiency 
expressed  in  watts  per  candle,  during  its  entire  existence. 
Some  of  these  curves  have  already  been  published.*  As  these 
results  were  quite  in  accordance  with  those  obtained  bj'  Mr. 
Pierce,  to  which  reference  has  already  been  made,  it  will  be 
necessary  to  deal  with  them  here  only  in  so  far  as  they  bear 
npoa  the  question  of  the  influence  of  the  age-coating  upon  the 
efficiency  of  the  lamp. 

I. 
Color  of  the  coating. 

Measurements  upon  all  fourteen  of  the  lamps  which  were 
subjected  to  the  spectro-photometric  tests,  showed  the  color  of 
the  coatings  upon  lamp-bulbs  containing  treated  and  untreated 
Carbons,  respectively,  to  be  practically  identical  in  character. 
The  color  of  the  coatings  obtained  in  lamps  of  either  type, 
Under  widely  diverse  conditions  (as  for  example,  by  maintain- 
Uig  a  sixteen  candle-power  lamp  at  sixty-four  candles  through- 
out its  life),  was  the  same  as  that  produced  under  normal  con- 
ditions of  service.  The  color  in  question  is  very  nearly  neutral, 
the  percentage  of  light  transmitted  being  approximately  the 
%ame  for  all  parts  of  the  visible  spectrum.     The  effect  of  the 

*The  Artificial  Light  of  the  Future:   Electric  Club  Pamphlets,  No.  24,  New 
York,  1890;  also  Electrical  World,  16,  p.  387,  Electrical  EDgineer,  10,  p.  695. 
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"  age-coating"  an  the  deposit  which  we  are  considering  may  be 
cBlfod,  is  therefore  to  dim  the  lamp,  without  appreciabrj  chang- 
ing the  quality  of  Its  lifjlit. 

The  most  cumpletc  get  of  observations  ohtained  with  Uiiip* 
of  utitrttated  carlion  are  those  referring  to  a  lamp  designaud 
in  our  list  as  No.  2.*  This  Intiip  was  maintained  at  nortnil 
voltaic  for  over  eight  hundred  honm.  Frequent  readings  erf 
candle-power  and  current,  during  this  time,  anorded  the  meMW 
of  tracing  the  j)rogreflBive  changw  of  hght-giving  power, 
elficiencv  and  resistance.  Mfiwuremente  of  tho  age-coating 
were  ma'de  after  lUO,  'iUO,  ■*i»0  and  SOO  hours  of  life,  readiof^ 
being  lakon  in  ton  regions  of  the  spectrum.  The  results  are 
given  in  Table  I,  together  with  data  indicating  the  condition 
of  the  lamp  at  the  above  mentioned  ptjriode  of  \X*  life.  These 
are  taken  from  a  set  of  sixty-seven  readings  of  voltage  ami 
current,  diBtrihulcd  over  the  entire  life  of  the  tamp  at  nearly 
equal  intervals.  The  variation  in  voltage  during  the  entire 
eight  hundred  hours  waa  never  more  than  0'3  volta  abov^e  or 
below  the  initial  value. 

Table  L 

Lunp  Ko,  3  (ui)tn«I«il  Slsmrnl).  . 

Initial  CondStioM. 

Volu,  Am|]orFH.  Otua».       C^DiU»-puwer,  WatU  pernnJk 

101-8  0-4T4  214-8  l«-00  8-019 

Condiiion»  itfter  too  hour*. 


Vclte. 

^mperc!.          Ohms.        Ciudlo-pon-er. 
0-453             2-io-.l               lL*-.iO 

WatU  per  aa 

Light  trantiuitled  by  the  coating,  after  m  ho«r». 
A  =  -750         8811  per  ccnl         A  =  607         92-2  per  eenl 
-713          fiO-2                                      -481           9-2-S 
•635         ei-8                                  -4C0         82-3 
■658         01-5                                  -448         924 
•538         91-9                                  -429         St2.4 

Cotiditiona  after  too  hours. 
Volia,  Ampcns.  Ohma.      C«ndle-powcr.        Walls  v"  °''^^' 

iin-9         i)-4ai  -zib-a  u\-h  i-:t" 

Li'jht  trangmilted  bu  the  coating  after  SIX'  liourti. 
\  =  -750         S3-6  per  cent  A  —  -507  eO'4  \m-  ceia 

■713  «4-6  -481  80-1' 

-ass         85-6  -460         87-0 

■SaO         85-4  -443         87-8 

■538         S5-0  -429         85-4 

"This  and  other  niiiuber?  lued  reter  to  the  records  of  these  «xpeTliu«Uii 
(tiven  in  lull  in  Ihe  thesi!'  ot  Me.fsn.  Uoore  and  Ling,  a  roanuscript  depofiwl 
llie  lihrarr  o(   Cprnell  ITDiveraily.     (The  Life  und    Daration  at  IncandKif* 
L«mpe;  witb  spetinl  Reference  m ibe  Li^bt  sb«orbed  by  the  Costing      -■^■-■'^ 
Bulb,  b;  B.  E  Uoora  and  C.  J.  Ung.     1890.) 
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Conditions  after  400  hours, 
Volta.  Amperos.  Ohms.      Candle-power.       Watts  per  candle. 

101-8  0-428  237-7  9-67  4-510 

Light  transmitted  by  the  coating  after  400  hours, 

A  =  -750  79-3  per  cent  X  =  -507  83-5  per  cent 

•713  80*9  -481  83-6 

•635  82-3  -460  84-0 

-580  82-0  -443  84-3 

-538  82-6  -429  82*1 

Conditions  after  800  hours. 
Volts.  Amperes.  Ohms.       Candle-power.       Watts  per  candle. 

101-9  0-415  245-6  7^20  5^880 

Light  transmitted  by  the  coating  after  800  hours. 

A=  -750  75*7  per  cent  A  =  -507  78*7  per  cent 

•713  75^9  ^481  79*4 

•635  78-0  ^460  79*9 

•580  78-6  -443  80-5 

•538  78-4  -429  77-3 

Another  typical  case  was  that  of  lamp  No.  10,  which  was  a 
np  with  a  treated  filament.  It  was  maintained  at  a  very 
fferent  degree  of  incandescence,  being  a  lamp  of  low  em- 
jncy,  which  when  set  at  the  voltage  indicated  by  the  manu- 
eturer,  required  an  expenditure  of  5^i6  watts  per  candle, 
be  age  coating  of  this  lamp  approached  even  more  nearly  to 
•mplete  neutrality  of  shade  than  did  most  of  those  which  we 
id  occasion  to  measure.  The  results  obtained  at  two  hundred 
id  nine  hundred  hours  are  given  in  Table  II. 

Table  II. 

Lamp  No.  10  (treated  filament). 

Initial  Conditions, 
Volts.  Amperes.  Ohms.      Candle-power.    Watts  per  candle. 

86-0  1-171  30-63  8-2  5*16 

Conditions  after  200  hours. 
Volts.  Amperes.  Ohms.     Candle-power.    Watts  per  candle. 

35^9  1-145  31-27  7*1  5-91 

Light  transmitted  by  the  coating  after  200  hours, 

X=z'150  91^9  per  cent  A  = -507  90^7  per  cent 

•713  90-4  -481  90-4 

•635  89-5  ^460  90^7 

-580  90-5  -443  90*5 

-638  90-5  -429  90-4 
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Condilioiui  after  90S  hovra. 
Volta.  Ampflrea,  Ohms.       CuadJe-power.      Watts  pe 

Sfl-14  1-U  31  TO  (unknown)* 

Lighi  trammilted  by  Ihf  cnaling  after  908  hours. 


The  normal  life  of  n  lamp  stArtinc  at  5  watts  )>er  candle,  ie 
many  thousands  of  hours.  Lamp  No.  10  was  preinatnrel; 
broken  at  908  hours,  at  which  time  the  coating  had  reached  t 
density  correspondinj^  to  th«t  of  a  3  watt  lump  (No.  2)  after 
200  hours  of  life.  A  comparison  of  Tables  I  and  II  willBbow 
that  while  the  coatings  on  these  two  lamp  bulbs  were  uot 
quite  neutral  nor  procisoly  idoutical  in  tint,  that  they  both 
transmit  light  with  much  greater  unifonuity  than  do  eticli 
materials,  for  example  as  optical  glass,  calcile,  ete.t 

II. 

The  distribution  of  the  age-ooatififf  within  the  bulb. 

The  distribution  of  the  age-coating  was  determined  indi- 
rectly, as  follows :  Two  of  the  lamps  under  esaminatiun.  ffcrt 
measured  for  horizon  t.al  candle  power  according  to  the  "  Frauk- 
lin  Institute"  method ;±  measurements  being  made  in  twelve 
meridians,  30°  apart.  The  readings  were  repeated  at  freqnent 
intervals  throughout  the  life  of  the  lamps.  The  results  were 
plotted  with  polar  coordinates.  They  show  (figure  1),  by  the 
diminishing  area  of  the  successive  curves,  the  progressive  loss 
of  brightness  due  to  age,  of  which  about  one-half  is  ascribable 
to  the  coating.  The  similarity  of  the  euTTes,  from  first  to  last, 
indicates  that  the  coating  is  deposited  uniformly  within  the 
bulb,  or  in  uniform  lateral  zones,  so  that  the  density  of  the 
film,  is  symmetrical  with  reference  to  any  given  meridian. 
The  case  chosen  for  illustration  is  lamp  No.  7.  The  results 
obtained  with  lamp  H,  were  in  every  essential  respect  the  same 
as  those  shown  in  the  diagram. 

•The  lamp  was  brokHQ  before  the  pholoniptriD  measurements  liad  been  com- 
plstod. 

t^ee  KruPBs,  Kolorinietrie,  p.  343;  also,  Nicliola  ■nd  Snow,  PhiL  Uag.,  V,  vol 
xniii,  p  37U, 

J  See  Frunklin  InBlilule  Teats  (laternalioufll  Eleotrical  Exliibition,  1884).  PliiH- 
delpbia,  IBtJG. 
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III. 

7^  age-coating  contidered  as  a  factor  in  the  diminishing  e^- 
ciency  of  the  lamp. 
It  may  be  Been  from  the  Tables  (I  and  II)  that  the  abBorbing 
power  of  the  coating  is  in  itself  Buffieient  to  account  for  a  very 
Considerable  falling  off  in  the  candle-power,  as  the  lamp, 
^thin  the  bnlb  of  which  it  forms,  grows  old  in  service.  By 
aammation  of  the  values  in  the  tables,  we  may  obtain  the 
average  absorbing  power  for  the  entire  spectrum ;  and  since 
Selective  absorption  is  ahnost  entirely  absent,  these  averages 
will  give  very  closely  indeed  the  Iobb  in  candle-power,  which 
%t  the  time  in  question  was  ascribablc  to  the  influence  of  the 
aoating.  From  the  data  in  Tables  I  and  II,  also,  we  may  com- 
pote the  efficiencies  of  the  lamps  at  various  stages  in  terms  of 
their  iaititi  efficiency  as  nnity ;  likewise  their  brightness  from 
time  to  time,  in  terms  of  their  initial  candle-power,  as  unity. 
n  Tables  III  and  IT  are  given,  for  purpose  of  comparison, 
he  relative  brightness  and  efficiency  of  lamps  2  and  10,  at 
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VATionB  periods,  also  the  average  absorbing  power  of] 
no&tinea.  ' 
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The  curves  in  figure  2  are  based  upon  these  data.  They 
ow  that  the  loss  in  candle-power  ana  eflSciency  are  only  in 
irt  due  to  the  opacity  of  the  coatings.  It  is  of  some  interest 
compare  lamps  2  and  10,  since  the  former  is  a  three  watt 
mp,  whereas  the  other  required  5*16  watts  per  candle  at  the 
5ginning  of  the  test.  It  is  to  be  regretted  that  the  tests  did 
)t  extend  over  the  normal  life-time  of  such  a  lamp ;  the 
suits  obtained,  however,  suffice  to  show  that  the  loss  due  to 
rating  is  a  much  larger  portion  of  the  total  loss  in  the  low 
Bciency  lamp  than  in  the  other.  Measurements  with  several 
rops,  maintained  at  abnormally  high  temperatures  seemed  to 
dicate  that  the  higher  the  state  of  incandescence  the  less 
arked  (relatively)  is  the  influence  of  the  age-coating  upon 
le  decadence  of  the  lamp. 


Summary  of  results, 

1.  The  rate  of  deposit  of  the  coating  in  incandescent  lamp 
albs  is  greatest  in  the  early  part  of  the  life  of  the  lamp. 
or  example,  in  the  case  of  a  lamp  which  lasted  800  hours, 
iee  Table  III)  more  than  half  of  the  coating  was  deposited  dur- 
ig  the  first  200  hours. 

2.  The  loss  of  brightness  due  to  the  absorbing  power  of  the 
ge-coating  is  a  variable  part  of  the  total  loss,  being  greatest 
Q  lamps  of  high  initial  eniciency. 

3.  The  coating  does  not  appreciably  modify  the  character  of 
he  light  which  emanates  from  the  lamp. 

4.  The  distribution  of  the  coating  within  the  bulb  is  a  nearly 
iniform  one  (see  figure  1). 

5.  No  marked  diflference  between  treated  and  untreated  fila- 
nents  appears  to  exist,  as  regards  the  density  or  quality  of  the 
5oating  produced  from  them.* 

Physical  Laboratory  of  Cornell  University,  July,  1892. 

*SiQC8  this  article  was  written  it  has  been  pointed  out  by  Professor  B.  F. 
rhomas  (in  the  paper  already  cited),  that  in  the  case  of  lamps  exhausted  without 
the  aid  of  mercury  the  age -coating  is  scarcely  perceptible. 
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Art.  XXSVII — Mica-jwridotite  from  Kentuckif  ;  by  J.  S. 
DiLLKR. 

In  November,  1890,  I  reoeiveii  from  Mr.  E.  O.  Ulrich  of 
UiB  Geological  Survey  of  Kentucky  the  inforinatiou  tliat  a  dike, 
called  the  Flanary  dike,  had  been  discovered  in  CrittendtE 
Connty  of  that  State.  Tlie  specitueos  from  the  dike  &ent  to  me 
at  tliat  tinie  for  exaiiiinatloD  were  laid  n^ide  awaiting  the  repoit 
upon  the  eruptive  rocks  of  Arkaneae  by  J,  Francis  Williame, 
iuid  J.  F.  Kemp.  It  was  expected  that  similar  rock^  would  be 
found  in  Arkansas  and  this  paper  rendered  nnoecessarv, 

Mr.  Ulrieh  haa  kindly  fnrniBlicd  me  the  following  informa- 
tion concernine  the  occurrence  of  the  rock  in  the  6eld. 

The  dike  is  in  a  fault  strikinp  N.  i4  E,  Altboimh  the  peri- 
dotitc  hae  not  yet  been  found  all  vAunp,  the  fiinit  it  \%  known  to 
occur  at  four  points  on  the  line  with  a  distance  of  6  mtlee 
butween  the  extremes  In  Livingston  county  a  little  was  eeon 
in  11  shaft  mixed  with  flnor  spar  and  other  vein  matter.  A 
mile  and  a  half  northeast  of  the  county  line  and  tliriM?  milee 
from  the  locality  just  noted,  a  sballow  opening  ex]>oeee  conaiiior- 
able  decomjiosed  peridotite  of  a  tight  gray  or  ash  color.  Here 
uaiti  it  is  associated  with  vein  matter  chieUr  fluor  spar.  At 
the  Flanary  shaft  the  dike  is  over  20  feet  wide  with  no  wall 
seen  on  either  side.  Crosscuts  were  made  6  feet  on  one  Hile 
and  8  feet  on  the  other  without  finding  the.-  walls.  It  may  he 
that  the  shaft  is  at  Ihu  intersection  of  sevenil  veins  in  a  sort  of 
"chimney,"  A  tjiiarter  mile  eontlieast  on  the  Holly  the  veifl 
matter  is  6  feet  solid  and  pnre  fluor  spar.  The  dike  break 
separates  strata  faulted  no  less  than  %W  feet  with  tlie  St.  Lonl' 
beds  on  the  northwest  and  the  upper  Chester  and  coal-measnre 
conglomerate  on  the  southeast. 

At  least  one  other  dike  has  been  discovered  in  the  conntv 
and  Mr.  Ulrieh  thinks  its  material  is  closely  related  to  that  of 
the  Ftanarv  dike.  It  occurs  in  a  much  tumbled  region  insl 
siinth  of  tfie  Oolunibin  mines  which  he  regards  as  the  cnief 
center  of  disturbance. 

The  specimens  for  my  study  were  selected  bv  Mr.  Ulricb 
from  among  the  material  thrown  out  of  the  I'  laiiary  shaft 
The  shaft  is  45  feet  deep  and  the  material  exposed  to  snrfaee 
weathering  for  nearly  two  years.  The  rook  ia  dull  greeniBh- 
gray.  At  first  glance  it  has  a  granitic  aspect  but  upon  closer 
examination  the  resemblance  disappears.  It  contains  inasj 
small  dark  greenish  spots  besides  brownish  scales  of  mica. 
Upon  comparing  it  with  an  altered  specimen  of  the  peridotite 
from  Elliott  county,  Ky.,  one  is  led  at  once  to  suspect  that 
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ark  green  spots  are  serpentine  and  represent  original  oli- 
A  thin  section  of  the  rock  examined  nnder  the  micro- 
!  confirms  the  conjecture. 

e  rock  is  composed  essentially  of  biotite,  serpentine,  and 
skite  with  a  smaller  proportion  of  apatite,  muscovite, 
tetite,  chlorite,  calcite  and  other  secondary  products  which 
)t  be  definitely  determined.  It  is  possible,  that  originally 
may  have  been  some  pyroxene  present.  The  biotite  is 
wrhat  in  excess  of  the  serpentine  and  together  they  form 
Y  75  per  cent  of  the  whole  rock,  small  crystals  of  perofskite 
jandant  but  their  total  mass  is  less  than  that  of  the  brown- 
•ay  clouded  material  supposed  to  be  of  secondary  origin, 
ue  black  grains  of  magnetite  are  rather  common  and  a 
3lear  crystals  of  apatite  as  well  as  scales  of  chlorite  and 
ovite  and  small  veins  of  fibrous  calcite  are  present.  Judg- 
rom  the  chemical  analysis  there  is  probably  considerable 
aite  present  also. 

we  consider  only  the  relation  of  the  large  scales  of  biotite 
le  another  as  determining  the  structure  of  the  rock  it  is 
toid  for  the  biotite  is  allotriomorphic.  This  mineral  is 
ivish  brown  to  ahnost  colorless.  It  occurs  in  round  or 
g  patches  averaging  about  4""™  in  diameter  and  forms  the 
idwork  of  the  rock.  Within  tliese  irregular  scales  are 
fred  the  crystals  and  grains  of  serpentine  in  such  a  way  as 
ider  them  pcecilitic  on  a  cleavage  face.  The  biotite  here 
essentially  the  same  role  as  the  hornblende  and  augite  in 
icrites.  Between  the  larger  scales,  scattered  here  a  few, 
here  many,  throughout  the  brownish-gray  clouded  matter 
nailer  scales  of  biotite.  In  sections  of  the  biotite  perpen- 
Eir  to  its  basal  cleavage,  although  it^  colors  between  crossed 
5  are  brilliant  its  absorption  is  very  feeble  even  less  than 
of  ordinary  brown  hornblende  Prof.  Rosenbusch  sug- 
that  the  absorption  is  too  small  and  the  bisectrix  too 
ue  for  normal  biotite.  The  biotite  is  occasionally  altered 
lorite. 

le  serpentine  is  distributed  uniformly  throughout  the  rock 
egular  rounded  or  angular  grains  averaging  about  1"°  in 
eter.  The  characteristic  sections  with  outlines  like  those 
vine  parallel  to  the  base  and  macropinacoid  are  sufficiently 
jrous  and  well  defined  to  clearly  indicate  that  the  serpen- 
originated  from  the  alteration  of  olivine.  The  large 
kity  of  olivine  originally  present  shows  that  the  rock 
igs  to  the  peridotites. 

e  mineral  regarded  as  perofskite  is  abundant  and  generally 
srystallized.  The  diamond-shaped,  square  and  triangular 
»D8  which  are  completely  isotropic  demonstrate  that  it  is 
jtria     Its  color  is  honey-yellow    and  only  moderately 
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traDsparent-  The  crystals  vary  in  siae  from  -01"™  to  '1"  in 
diameter  an<l  are  ulitioHt  alwayn  Ijlack-bctrdercd.  The  ctiemi- 
fiil  jinalyaiB  of  the  mck  »howB  thnt  it  containe  3-78  per  cent 
TiO,  with  \i-iQ  por  cent  OaO.  After  takiiiif  out  of  the  analysis 
the  etomunts  dumatnled  for  the  other  dtttermined  mineralr 
there  yet  rcrtmin^  vstontially  tlie  comiiosition  of  perofskite. 
Titanio  acid  ie  frequently  found  in  bioltt«  &nd  it  is  desirable 
thut  analysca  ho  made  of  both  biotitc  and  jwrofskite  in  this 
ease  ;  but  us  the  minute  crjBtaU  of  perofskile  are  generally  en- 
veloped hy  the  biotitc  it  would  be  very  difficult  and  jierbajK 
impoaaible  to  satisfactorily  eoparato  them. 

The  muscovite.  chlorite,  magnetite,  apatite  and  fihrouB  csl- 
oite  have  no  foatures  deserving  special  itiention.  The  brown- 
ish gray  clouded  matorial  which  is  next  in  abnndanee  to  the 
serpentine  is  scattered  thronghout  the  section  generally  between 
the  scales  of  biotite,  but  oft«n  within  them.  It  is  without 
crystal logrikphic  outline  or  biicIi  pliysical  featunst  as  delinitch 
indicate  it«  origin. 

The  following  chemicjil  unalysis  of  the  rock  for  which  I  ani 
greatly  indebted  to  Mr.  W.  F.  Hillebrand  was  made  in  t(i« 
chemical  laboratory  of  the  U.  S.  Qeologicat  Snrvey. 

SiO, , 33-8* 

TiO. 3-78                      J 

A1,0, 5-gS 

Cr.O 0-1 B 

Fe.0 701                    ; 

FeO 016 

MriO 016 

NiO 0-10 

CoO IF. 

CaO B-46 

BaO   0-oe 

MgO 22-96 

K,0  - 204 

Na,0 0-33 

H,0 7-50 

P,0. - 0-89 

CI _ 005 

Fl ? 


In  addition  to  the  water  given,  the  sample  lost  U"68  perce"^ 
water  at  100"  0.  The  targe  percentage  of  H,0  and  CO,  sbo*' 
the  highly  .iltered  condition  of  the  rock. 

Among  the   peridotites  already  described    Rosenbusch  U^ 
recognized  sis  forma.     Considering  only  their  essential  consi-'^' 
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iots,  the  desigDations  adopted  by  him  are  as  follows: — 
crite  =  olivine+augite,  amphthole  picriie  =  olivine + am phi- 
le,  Wehrlite^  olivine + dial lage,  Harzhurgite^^  olivine + rhom- 
B  pyroxene,  ZA6rs{?Zife=olivine+diallage+brpnj:ite,  dunite= 
ivme+chromite  without  pyroxene  or  amphibole. 
Heretofore*  no  peri doti tic  rock  has  been  recognized  in  which 
dtitef  has  played  the  role  of  an  original  essential  constituent, 
"bile  it  is  evident  that  the  Flanary  dike  rock  belongs  to  the 
ridotites,  it  is  clearly  excluded  from  anj  of  the  subaivisions 
ove.  In  order  that  it  may  be  conveniently  distinguished 
Dm  other  peridotites  I  propose  for  it  the  name  mica-perido' 
'^,  a  name  which  I  believe  will  at  once  suggest  to  all  students 
petrography  its  kinship. 

More  than  half  a  decade  ago  Prof.  A.  R.  Crandall:}:  dis- 
vered  the  peridotite  of  Elliott  county,  Kentucky,  and  to  this 
r.  TJlrich  now  adds  one  more  of  the  same  type  of  rocks  from 
e  western  part  of  the  State.  Closely  related  rocks  of  the 
me  group  have  been  described  by  Drs.  J.  C.  Branner|  and 
.  N.  BracKett  from  Pike  Co.,  Ark.,  by  Prof.  G.  H.  Williams,] 
om  Syracuse,  N.  Y.,  and  by  Prof.  J.  F.  Kemp,T^  from  Ithaca, 
.  Y. 

A  very  fresh  olivine  mica  rock  closely  related  to  the  mica 
jridotite  of  Kentucky  has  been  described  by  Dr.  Max  Koch,** 
ho  recognizes  it  as  a  new  type.  It  occurs  in  the  gabbro  region 
'  the  Harz  and  contains  augite  and  plagioclase  as  accessory 
ioerals  in  small  quantities.  These  minerals  as  well  as  the 
jologic  relations  of  the  rock  indicate  according  to  Dr.  Koch, 
lat  it  belongs  to  the  gabbro  group. 

U.  S.  Geological  Survey,  Washington,  D.  C. 

*  Excepting  perhaps  one  described  by  Max  Koch  which  will  be  noticed  later. 
fThe  peridotitic  rock  described  by  Judd  (Quart.  Jour.  Geol.  Soc.,  Aug.,  1885,  p. 
)\\  as  scy elite  is  rich  in  mica;  but  he  regards  it  as  secondary  resulting  from  the 
teratiou  of  augite.     Furthermore,  scyelite  contains  hornblende  of  which  not  a 
ace  has  been  found  in  the  rock  from  Flanary  dike. 

}Geo1.  Survey  of  Ky.,  Report  on  the  Geology  of  Elliott  County,  by  A.  R.  Cran- 
aU,  p.  17.  See  also  articles  by  J.  S.  Diller,  this  Journal,  Aug.  1886,  and  U.  S. 
^L  Survey,  Bulletin  No.  38. 

§  This  Journal,  vol.  xxxviii,  p.  50,  1889;  also,  Geol.  Survey  of  Ark.  Annual 
lept  for  1890.  vol.  u,  p.  377. 

|Ibid.,  vol.  xxxiv,  pp.  140-142,  1887. 

Hlbid.,  vol.  xlii,  p.  410,  1891. 

**Zeitschr.  d.  d.  geolog.  Gesell.,  xli,  p.  163,  1889. 
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Art.  XXXVnt. — Gl^aoiation  in  the  Ftng&i'-Lake  remon  qf 
Neio  York;  by  D.  F.  Lincoln,  M.D.,  Geneva,  J^  Y. 

The  Appalacliian  plateau,  at  the  line  between  New  York 
aud  FcDuBj'lvania,  is  computed  uf  Upper  Devonian  gandstoae 
and  sandy  shale,  dippiug  slightly  to  the  sooth,  willi  siimmitf 
2000-2500  feet  above  tide  level.  The  vallej's  are  rather  deep 
(400-800  feet),  Jiiid  resemble  in  a  general  way  those  of  centra! 
Pennsylvania,  but  without  the  N.E.-S.W,  parallelism  of  the 
latter.  The  eloi'iitions  do  not  take  the  f'jrrn  of  ndpcs;  they 
conEiPt  rif  broad,  clnmgy  masses,  diminishing  in  steepness  ae 
they  ascend,  and  capped  with  irrejjiilar  rolling  plains. 

Tho  Susquehanna,  with  its  tributary  the  Chemung,  here 
forms  an  impoi'tant  depression,  north  of  which  the  land  ri^ 
to  tlie  height  of  20fiO  feet,  again  sinking  to  form  the  basin  of 
the  Finger  Lakes.  Tho  lakes  therefore  oceupy  a  section  of 
the  northern  slope  of  the  Appalachian  plateau,  which  may  he 
defined  as  extending  100  miles  E,-W..  from  the  Genesee 
Valley  to  Cazenovia  Lake,  and  about  70  miles  N.-S.,  from 
Lake  Ontario  to  the  curved  line  of  high  land  just  aouth  of  the 
lakes. 

This  line  of  heights  corresponda  in  position  with  the 
"Terminal  Moraine  of  the  Second  Glacial  Epoch"  of  Chira- 
berlin,*  and  is  defined  as  a  water-parting  hv  the  fi)lIowin^ 
hi^ii  points— Bristol,  :2-J54  ft. ;  I'ibana,  10+0  f  Oran,;,'.-.  "i'lS:' ; 
Kewfield,  2095;  Drydcn,  18S8;  Virgil,  2133;  Solon,  1977: 
Fabius,  2015;  Fenner,  18C2.t 

The  height  of  land  of  which  ttiese  are  the  summits  is  cut     J 
through  by   many  deep  straight  valleys,   which  on   the  soutli     1 
communicate  with  the  Chemung-Susquehanna  valley,  while  on     I 
the  nortli  they  converge  toward  a  common  imaginary  center     j 
in  Lake  Ontario.     The   northerly  discharge  is  intercepted  bj 
streams  flowing  eastward,   which  unite  to  form  the  Oswego 
River.     Most  of  these  north-south  valleys  are  so  blocked  with 
drift  as  to  form  lakes. 

The  middle  of  the  common  basin  is  axially  depressed,  in* 
north-south  direction;  the  depression  is  occupied  by  the  tivo 
largest  hikes,  Seneca  and  Cayuga. 

There  is  a  considerable  system  of  minor,  preglacial  valleTi 
still  traceable  in  the  elevated  tracts  between  the  lakes.  Thif 
system,  however,  has  been  so  disturbed  by  glaciation  that  it  M 
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mishes  in  normal  fashion  a  serieB  of  tribntarieB  to  the 
he  greater  part  of  the  snrface  water  enters  the  lakes 
orrents,  running  from  two  to  four  miles  in  a  straight 
t  right  angles  to  the  lake-axis,  through  precipitous 
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hri;  B,  Urbftna 

ige:  P.  NewHel 

ford;         K,  Solon; 

I  above  Hea-levtl— Rochealer,   508;  Lyons,  407;  Clyde,  396;  Bath, 

^  863;  Sugar  Hill.  2091 ;  Horaby,  2046;  Richford,  1995. 


hich  they  arc  still  actively  deepening.  Some  of  the 
nery  in  the  State  ie  found  in  these  gorges.  Watkina 
tna  glens  arc  cxaiuples ;  the  highest  waterfall  in  the 
urs  in  the  Taughannock  glen,  near  Ithaca;  its  per- 
r  fall  is  190  feet. 
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Altituileg  ,tud  Df.pthi  of  Lakw. 

KWvatiou  nboTv  tU«.  Gt«atuat  (Icptk 

Erie 572-9  L                     iloG 

Chautauqua 12fll  (i 

Coiieaus 821  It                       JO  G 

Homlock    898  R                       f  7  G 

Canadioe 1099  B                       B7  G 

Honeoye less  than  Hemlock  25  G 

Canaoilaigua 6C8  O 

Keuka  (Crooked)  . .   ..       718'  10'  G 

Seneca  4*1  C                       818M 

Cayuga 378  C                     135  M 

Owasco  670  G 

I  860  G 

SkjKieateles J  664'  13' 

(  861  C 

Oi'isco no  dftti 

CaEenovta 000  G 

Soliuyler 1200  G 

OtBOgo ll»S  G 

OnoDdasa »61  O 

(308  G 

Oneida J  387-71 

(  3S8  0 

Ontario 24e  L                     738 

L  =  n.  &  Lako  Surviey.      0  =  Reaurrer  of  N.  T.  Oanals.      S  =  RocbKtv 

Wilier  Works  Siirfevs.  P  =  Pcnn.  *  X.  t.  R,  R.  G  =  French's  Gnienitr  cf 
N.  y.,  18GC1  (comparalivelj  poor  nuthority.)  M  ^Soundings  given  on  map  pub- 
liah.ed  bj  J^ngiaetring  Departmeot  ot  Cornell  Uaiversitr. 

The  entire  baain  may  conveniently  be  divided  into  three 
regions  or  zones,  nearly  corresponding  with  certain  geological 
formations.  The  nortliern  zone  (Silurian)  is  nearly  level,  with 
a  heavy  mantle  of  drift;  it  extends  from  the  Ontario  coast  to 
the  northerly  escarpment  of  the  Corniferous  limestone,  whicli 
is  skirted  by  the  line  of  railroad  passing  through  Auburn, 
Geneva,  Canandaip:iia,  and  Miller's  Comers.  The  middle  zone 
comprises  the  modt-rale  as<-ent  of  the  lower  Devonian,  extern)- 
ing  uontli  from  (!  to  20  miles  from  the  railroad.  The  southern 
zone,  with  xi^'ep  slopes  and  deep  valleys,  comprises  the  Up])«r 
Devonian  (Cliomung  and  Portage  rocks),  including  on  the  easl 
the  lower  Devonian  to  Skaneatelee.  The  zigzag  dotted  hue  of 
the  Tullv  limestone  partially  indicates  the  demarcation  between 
the  two  latter  zones.  The  terminal  moraine  bounds  the  whole 
on  the  south. 
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The  northern  zone  comprises  the  Medina,  Clinton,  Niagara, 
d  Salina  formations,  dipping  south  at  a  low  angle.  The 
inton  and  Niagara  limestones  form  escarpments  facing  north, 
[lich  are  inconspicuous  in  large  part.     It  is  traversed  by  the 
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A.  Vertical  section  nearly  E.-W.  along  N.  Y.  Central  R.  R.,  nearly  on  Cor- 
ferou«  outcrop. 

B.  Vertical  section  near  the  middle  of  each  lake  ;  dotted  lines  show  deficiency 
exact  data,  partially  supplied  by  a  few  adjacent  known  points. 

L  Y.  Central  R.  R.  and  the  Erie  Canal  at  very  easy  grades. 
L  portion  along  the  southern  edge  of  this  belt  is  level  and 
ree  from  drift-liills  :  north  of  which  the  surface  is  diversified 
V  an  extraordinary  series  of  drumlins,  already  described  by 
lall  (New  York  State  Geological  Report  for  4th  Dist.,  1842) 
nd  Johnson  ("  Parallel  Drift  Hills  of  Western  New  York ;" 
\.nnajs  of  N.  Y.  Acad,  of  Sci.,  Nov.  9,  l'882).  These  are 
tated  by  Hall  to  be  bounded  northerly  by  the  beach  of  the 
ncient  Lake  Iroquois — the  "  Ridge  Road  " — which  runs  a  few 
niles  from  the  shore  of  Lake  Ontario. 

As  compared  with  the  drumlins  of  New  England,  these  are 
)f  much  greater  length,  are  relatively  much  narrower,  much 
iharper  at  their  ridges  and  steeper  in  their  side-slope.  Their 
lorthem  ends  are  very  bluff,  their  southern  ends  gently 
nclined.  Their  axes  lie  nearly  north  and  south,  on  the  whole, 
^ith  marked  local  differences. 

The  width  of  these  hills  at  top  is  often  sufficient  to  receive 
I  country  road  without  much  leveling,  but  some  would  not  (in 
heir  original  state)  admit  the  passage  of  a  single  cart  along 
he  ridge ;  while  in  exceptional  cases  there  are  flat  tops  some 
undreds  of  feet  in  width. 

The  inclination  to  the  south  is  often  so  gentle  as  to  have  no 
efinite  ending;    thus  many  hills  which  begin  northwardly 
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with  well-marked  drnmlin  outlinee  sink  and  broaden  soDtli- 
wnrdly  into  plnine  of  till.  Some,  however,  are  well-deliiied  at 
both  ends,  and  In  length  fail  within  one-hslf  or  two-third*  of  a 
mile.  Johnson  states  that  the  beat  developed  ones  run  twn  or 
three  miles,  and  reach  the  height  of  100-200  feet  above  the 
plain;  that  they  are  highest  and  longest  chiefiy  just  south  of 
the  Niagara  eecarpmeut,  though  there  are  a  few  very  high 
ones  more  to  the  sonth. 

Measurementfl  of  a  few  of  the  steeper  ones  {kindly  com- 
municated by  Mr,  George  H.  Barton)  show  the  inclioation  of 
the  sides  to  be  about  23°,  and  only  exceptionully  25°. 

The  material  of  these  hills  is  a  till,  poaaeseing  the  ii.'tiisl 
characteristics — unlcsss  a  tendency  to  the  formation  of  very 
deep  gnllies  ^5-15  feet  deep)  on  the  sides  bo  considered  except 
tional.  Some  are  covered  very  thickly  with  good-sized  trav- 
eled stones;  some  with  sand  or  gravel  of  varying  deptii.  To 
the  neighborhood  of  Rochester  are  some  of  which  the  nuclens 
is  sand,  till  forming  the  upper  part.  Considerable  kameile- 
posits  are  associated  with  the  dninilin-helt  at  some  points,  and 
near  Kochester  a  portion  of  the  moraine  traverses  it 

The  writer's  personal  study  of  this  region  is  limited  to  fire 
localilies.  and  tuo  above  statements  are  in  part  drawn  from 
other  sources.  An  excellent  cursory  view  can  be  had  fwni 
the  car  windows  as  the  traveler  passes  east  from  Rochesti'r  on 
the  main  line  of  the  N.  Y.  Central  R.  R.  via  Lyons  and  Clyde 
to  Syracuse, 

This  belt  of  l-iirge  drnnilins  practically  comes  to  an  end  m 
the  distance  of  twenty  miles  from  Lake  Ontario.  Then  come 
low  lands,  partly  sandy,  partly  marshy.  Still  farther  south, 
within  the  middle  zone,  the  drnmlin-forination  is  resumed,  in 
ridges  of  much  smaller  height,  but  in  considerable  nnmben- 
Ab  this  point  has  not  met  the  writer's  eye  in  print,  attention  iB 
here  called  to  it,  and  some  special  observations  are  offered. 

Among  the  dniinling  of  the  second  range  (in  the  middle  bell) 
there  are  some  which  resemble  the  typical  "  lenticular  hill "  of 
New  England.  More,  however,  are  of  the  ridge  variety.  And 
of  the  latter  there  are  many  grades,  from  the  very  well  uiartHi 
ridge  with  rather  steep  banks  to  very  low  ridges  which  are 
often  so  low  and  flat  as  to  simulate  terraces  The  face  of  tilt 
part  of  the  country  is  laid  out  in  shallow  grooves,  often  pto- 
ducing  the  strong  impression  of  "tiuting." 

An  instructive  gronp  of  these  ridges  occurs  in  and  aronnd 
the  town  of  Genev:i.  They  are  very  nearly  parallel,  their  aiea 
lying  between  ln°  and  15"  west  of  north.  The  eastemmoet 
skirts  the  lake,  and  is  somewhat  eroded  by  the  waters,  displs?- 
ing  sections  of  till,  with  limited  beds  of  blue  clay  and  "quiet- 
sand."     Its  crest,  on  which  Main  street  is  built,  reaches  a  heigtit 
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i  90  feet  above  the  lake.  The  other  ridges  increase  in  absolute 
levation,  but  not  in  size,  having  an  apparent. height  of  20-50 
eet  above  the  ascending  slope  which  they  cover.  At  some- 
what over  a  mile  from  the  snore  they  attain  a  height  of  300 
eet  above  the  surface  of  the  lake,  which  corresponds  with  the 
erge  of  the  higher  levels  of  land.  Similar  riages  are  found 
or  several  miles  farther  west;  sometimes  crossing  the  road 
t  pretty  regular  intervals  of  i  to  -J  mile,  with  elevations 
f  only  a  few  feet ;  at  other  times  forming  hills  with  a  rather 
K>ld  northern  descent. 

A  distinct  termination  north  and  south  can  generally  be 
raced  in  the  ridges  of  the  Geneva  group,  although  the  ordi- 
lary  observer  is  inclined  to  overlook  the  fact.  Their  general 
utiine,  their  material,  and  their  tendency  to  steepness  at  the 
orth  end,  ally  them  with  the  drumlins  of  the  northern  belt. 
?he  long  ridge  running  west  from  the  end  of  the  lake  is  of 
ypical  till,  with  some  large  bowlders,  overlaid  in  part  by 
tratified  sandy  clay. 

In  this  locality,  the  till  evidently  forms  a  continuous  sheet, 
f  which  the  ridges  are  merely  a  surface  irregularity. 

The  slope  of  the  sides  of  the  ridges  is  about  from  2°  to  10° 
t  Geneva,  and  their  crests  are  occasionally  from  100  to  300 
eet  wide. 

The  direction  of*  the  ridges  of  till  as  a  whole  is  probably 
imilar  to  that  of  the  glacial  striations,  that  is,  convergent  to  a 
jortherly  point.  At  Clyde  and  Lyons  (on  the  central  axis  of 
he  region)  they  run  a  degree  or  two  west  of  north.  Near 
Jayuga,  about  N.  8°  W. ;  and  still  further  east,  about  20°  west 
>f  north. 

The  till  at  Geneva  is  a  firm  "  hard-pan,"  containing  a  great 
lumber  of  subangular  striated  stones  of  all  sizes  up  to  three 
feet  in  length.  The  greater  part  of  the  stones  are  from  the 
Domiferous  limestone,  which  is  exposed  just  north  of  the  vil- 
lage. Of  those  representing  more  northern  formations,  many 
are  water-rolled.  The  limestone  fragments  give  a  bluish  tint 
to  the  otherwise  reddish  brown  mass. 

About  three  feet  of  the  upper  part  of  this  till  appears  thor- 
oughly oxidized  and  leached.  This  portion  is  a  red  clay,  dis- 
tinctly contrasted  with  the  gray-blue  till,  and  rather  well 
demarcated.  It  is  of  a  deep  shade,  unstratified,  very  tenacious, 
nearly  free  from  sand ;  at  times  flaky,  at  times  tending  to  split 
when  dry  into  rectangular  forms.  It  cuts  with  a  slight  gritti- 
QesB ;  the  surface  is  dotted  with  occasional  specks  of  material 
lot  fully  decomposed,  which  may  represent  some  of  the 
njriads  of  little  bits  of  limestone  found  in  the  till.  The 
tones  are  few,  chiefly  such  as  resist  oxidation  (quartzites) ; 
heee  correspond  in  appearance  and   amount  with  a  similar 

Ail  Joub.  Sci.— Thibi)  Series,  Vol.  XLIV,  No.  262.— October,  1892. 
20 
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iDgredient  of  the  till.  Gnoieses  and  Bchiats  are  absent,  or 
badly  rotted.  Ttie  forms  are  clmractoristic  of  till,  and  in  »ome 
casea  atriation  is  observed.  A  purt  of  the  etunes  react  feebly 
to  HOI :  the  clay  does  not  reaot. 

Midway  of  the  Cayuga  lake  shore,  on  tbe  east  side,  there  are 
fine  till  suctions  which  give  a  similar  resnlt  ou  analysis. 

The  same  leachiuj;  of  the  appcr  part  has  l>eeQ  obeerved  in 
atonelesB  sedimentary  clay  of  (Jenova.  Absence  of  the  lime- 
reaction  is  stated  to  he  obai-acteristic  of  tht!  i<oiI  at  tlie  Stale 
Agrietiltiiral  Station  in  tbe  same  town. 

At  many  points  on  the  surface  of  the  lower-till  (Dmrnlin) 
deposits  jaat  described,  there  is  little  or  none  of  the  englaciat 
material  dtiflnod  by  ITpbam.*  But  where  the  stones  lie  thickly 
iu  the  tlclds  it  is  necessary  to  suppose  that  they  are  chiefly  of 
en^lacial  origin;  for  the  proportion  of  limestone  fragments iii 
such  cases  is  nnite  too  small  to  j^ermit  us  to  refer  theoi  to  the 
lower-till.  This  is  easily  seen  iu  the  piles  of  stones  which  tiie 
farmers  draw  from  the  fields — sometimes  12-20  feet  in  dimn- 
eter  from  a  100-acre  lot — consisting  mostly  of  gnei&wid*. 
schists,  aud  qctartzites,  with  perhaps  one-fifth  oorniferous  lime- 
stone, the  lumps  varying  from  2  to  200  pounds  in  weight. 
The  larger  stones  (bowlders)  carry  out  this  statement ;  thejira 
almost  all  far  traveled  stones.  Large  bowlders  are  not  very 
frequent.  The  largest  within  observation  are  one  of  labrado- 
rite  (7x7  feet),  and  one  of  an  argillaceous  rock  from  llie 
Salina  beds  (6x11)  which  is  exceptional  in  having  traveled 
only  5  or  6  miles. 

Sti'atitied  deponits  are  not  infrequent,  however,  upon  ilie 
dramlin  formation.  Rolled  gravel  is  not  rare,  and  the  kame* 
and  oaars  deserve  a  fuller  description  than  can  here  be  given. 

On  reaching  the  higher  levels,  west  of  Geneva  or  east  of 
Aurora,  we  often  find  the  surface  sandy.  The  sand  even  take) 
the  form  of  low  hills  and  ridges.  The  deposit  of  tough  lower- 
till,  however,  is  still  found  beneath  the  light  top-soil. 

The  thickness  of  the  till-sheet  at  Geneva  is  reported  at  seve' 
ral  points  as  20-30  feet.  Sand  lies  beneath  this,  and  still 
lower,  till  again.  At  one  well,  there  was  14  feet  of  saud,  ami 
13  feet  or  more  of  the  deejier  till  bed.  Layers  of  vegetable 
matter,  and  bine  clay,  are  also  found. 

In  passing  south  from  the  soft  shales  of  tbe  Hamilton  group 
to  the  sandy  shales  and  hard  fissile  sandstones  of  the  upper 
Devonian  beds,  we  are  informed  of  the  change  of  bed-rock  hj 
the  alteration  in  the  character  of  the  lower-till.  The  latter,  in 
recent  exposures,  may  be  very  tough,  but  is  sandy  rather  than 
clayey.  The  enclosed  stones  are  sandstone,  rarely  limestdne. 
Fragments  handsomely  glaciated  occur  as  large  as  three  feet 
*  Amer.  Geologist,  vol.  viii,  No.  6. 
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The  field-stoDes  in  this  region  split,  losing  their  like- 
to  till-stones.  Hence  the  ^'  flat  gravel,'^  characteristic  of 
oil  of  the  hillj  districts. 

16  deltas  of  the  lake  sides  are  among  the  most  conspicuous 
mulations  of  drift  material.  Rising  at  intervals  along  the 
of  the  lakes  and  the  southern  continuations  of  their  val- 
they  attain  by  a  series  of  steps  the  height  of  (?)  400  feet 
e  the  lakes.  Their  strata  contain  many  stones  which  still 
'  half  obliterated  glacial  strise. 

le  remainder  of  this  paper  will  be  devoted  to  certain  points 
>reglacial  topography  and  drainage,  and  the  associated 
tions  of  amount  of  glacial  corrasion,  and  bulk  of  drift- 
sit  The  northern  zone,  except  as  specially  designated, 
be  omitted  from  consideration. 

16  deposits  of  the  terminal  moraine  are  very  heavy ;  for  a 
ription  of  this  feature  the  reader  is  referred  to  the  paper 
lis  subject  by  Thomas  C.  Chamberlin. 
•om  considerable  examination  of  the  country  included 
een  the  four  larger  lakes,  the  writer  has  been  led  to  set  a 
erate  estimate  upon  the  amount  of  drift,  and  a  very  high 
late  upon  the  amount  of  erosion  in  certain  parts. 
18  lakes  are  to  a  great  extent  bordered  by  vertical  cliffs  of 
,  with  little  or  no  beach  at  their  foot.  Owing  to  the 
ter  prevalence  of  westerly  winds  the  cliffs  are  best  developed 
le  east  side.  In  the  case  of  Cayuga  Lake  this  natural  facil- 
B  aided  by  the  presence  of  a  railroad  at  the  water's  edge, 
vhich  in  many  places  the  cliffs  have  had  to  be  cut.  From 
ora  southward  for  nearly  20  miles  the  top  of  the  cliff  is 
►le  most  of  the  way,  undulating  in  very  moderate  curves, 
sionally  rising  50  feet  or  more,  and  at  several  points  sink- 
below  the  level  of  the  lake  for  short  distances.  In  the 
r  case  the  rock  is  exposed  in  brooks  a  few  rods  inland, 
overlies  this  rock,  varying  in  thickness  from  2  to  40  feet. 

till  deposits  along  the  east  shore  of  Seneca  lake  are  appar- 
jr  not  much  in  excess  of  the  above. 

is  probable  that  the  rock-sections  thus  displayed  correctly 
esent  the  general  surface  of  the  region  as  it  would  appear 
le  drift  were  i^emoved.  In  some  tracts,  at  all  events,  this 
jmonstrably  the  case.  In  the  northern  reaches  of  the  lakes, 
i  of  rock  with  a  very  flat  curve  correspond  with  these  cliffs, 
ew  examples  may  be  worth  describing.  At  the  foot  of 
3ca  Lake  on  the  east  side  there  is  a  line  of  cliff  (Marcellus 
b),  which  rises  gradually  to  a  height  of  25-30  feet  and  ex- 
is  more  than  a  mile.  A  hill-side  rises  directly  from  the 
7  of  this  cliff  to  the  height  of  about  90  feet ;  mainly  rock 
\  2-20  feet  of  till.  Three  miles  to  the  southward  is  another 
'  shore-cliff  of  rather  greater  height,  the  land  behind  which 
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rises  for  1^  miles  eastward,  reselling  a  height  of  150  (t) 
feet,  and  ffirming  a  brtiaii-lmckcd  X-S  ridge  of  Hamilton  sbale 
covered  with  a  conple  of  feet  of  drift.  A  third  ridge  2o(l  fwl 
high,  at  a  similar  interval  to  the  S.E.,  elopee  very  evenl.v  to  the 
lake  (2i  inilea  distant)  over  rock  covered  with  a  very  few  feei 
of  drift ;  in  this  case  no  cHlI  is  formed,  the  rock  not  quit*  reacli- 
ing  the  lake.  The  axis  of  thi»  hill  points  N.  2li'*-30''  W. 
On  Caynga  lake,  sonth  of  Anrora,  there  is  a  hill  300  feetiB 
height,  forming  a  clifi  at  the  lakeside,  two  miles  long  and  one 
mile  across,  with  its  long  axis  directed  JJ.W.-K.E.,  coiiipoed 
of  Hamilton  shale.  The  top  of  this  hill,  for  the  length  of  i 
mile,  forma  a  plateau.  A  smaller  hill  of  MarcelluB  shale  lies  4 
milos  to  the  north  of  this. 

In  the  present  state  of  the  question  it  is  admissible  to  sup 
poBe  thnt  tlieeo  hilU  ma,V  he  reiininnt«  of  preglacial  hillt  nl 
Solder  outline.  The  fact  that  thev  lie  pHfailoI  to  the  lake  need 
not  militate  against  this  view,  since  the  old  valley's  of  t)ie 
region — farlhcr  sonth  than  the  hills  described — unite  with  the 
lakos  and  with  euuh  nthcr  iit  very  acut<^'  angles. 

The  hilU  may  constitute  a  very  iiijtignificuiit  rumnant  of  old 
hilln;  or  may  eveu  have  been  carveq  out  lU  not^o  from  rock 
which  occupied  levels  helow  the  roots  o£  their  predecewors. 
Ib  other  words,  the  corrgsion  at  the  latitudes  of  Geneva  and 
Anbum  may  have  removed  one  hundred  or  sevenil  htuidred 
feet.  Definite  evidence  limiting  these  cstimatee  ie  not  hefnK 
me.  Apart,  however,  from  the  numerical  estimate,  it  is  interest- 
ing U-  note  the  piirallelisiii  between  the  axee  of  these  bills  and 
those  of  the  drumlins  which  arc  found  close  by.  Their  malt- 
rial,  a  soft  shale,  yields  readily  to  force  applie<)  horizontally, 
and  it  is  not  beyond  the  province  of  legitimate  speculation  to 
suggest  that  their  forms  may  have  been  carved  at  the  same 
time  and  in  similar  circumstances  with  the  drumlins.  Tlieir 
bluffer  northern  sides,  and  their  exceedingly  gentle  sonChern 
elopes,  add  much  to  the  likenuss. 

A  system  of  small  valleys  for  local  drainage,  opening  lake- 
ward,  doubtless  existed  before  gtaciation.  We  can  point  to  no 
surviving  representatives  of  these  valleys  at  the  lake  level  unletf 
the  slight  depressions  in  the  cliff  line  be  taken  as  such.  The^ 
descending  curves  run  but  a  short  distance  below  the  lake  level. 
and  represent  but  slight  inward  bends  of  the  rock-shore.  If  the 
lake  were  drained,  the  present  mouths  of  the  brooks  flowing  iu 
these  hollows  would  be  a  mile  from  the  main  stream  which 
presumably  occupied  the  axis  of  the  valley.  In  going  this 
mile  they  would  fall  from  300  to  600  feet.  Such  streantf 
must  have  cut  deep  and  wide  gorges  extending  far  inland. 
How  deep  some  of  these  would  have  been  at  parte  of  the  like 
where  the  shores  are  bolder,  may  be  eetimated  by  coQeideriiig 
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t  the  land  at  the  upper  part  of  Seneca  lake  rises  in  six  miles 
apland  pastures  nearly  2000  feet  above  the  bed  of  the  lake.^ 
e  continuity  of  cliffs  for  15  miles  along  the  west  coast  near 
itkins,  and  the  frequency  of  rock  exposures  on  the  high 
da,  forbid  the  belief  that  such  gorges  exist. 
Dhe  inference  from  these  considerations  is  that  the  pre- 
cial  river  which  has  been  developed  into  Seneca  lake  must 
^e  occupied  a  level  many  hundreds  of  feet  above  the  present 
I  of  the  lake. 

Jome  drift-buried  valleys  certainly  exist.  One  such,  prob- 
y  with  a  meridional  course,  seems  to  lie  to  the  east  of  Aurora, 
ere  two  E.-W.  ravines  appear  to  cut  it,  one  of  which  ex- 
its a  till-section  100  feet  thick,  with  bottom  not  reached, 
wever  this  be,  there  still  exists  a  large  system  of  valleys, 
h  banks  several  hundred  feet  high,  subsidiary  to  the  lake 
leys  and  in  several  places  communicating  with  them.  These 
leys  are  rock-cut,  and  oft&n  show  rocky  bottoms ;  they  run 
inly  parallel  to  the  lakes,  but  occasionally  branch  in  a  trans- 
se  direction.  They  run  straight  through  the  line  of  terminal 
raine.  Their  trough-like  aspect  north  of  the  moraine  points 
probable  widening  and  deepening,  an  in  the  case  of  their 
ch  bigger  brothers,  the  lakes. 
is  an  illustration,  take  the  large  valley,  20  miles  long,  enter- 

Cayuga  lake  6  miles  north  of  Ithaca.  It  is  cumbered  with 
le  drift,  but  its  walls  rise  400  feet  above  its  bed,  in  full 
[it  from  the  lake. 

Perhaps  the  case  of  certain  upland  valleys  will  add  con- 
aation  to  these  views.  East  of  Watkins  there  is  a  system 
these  at  400-600  feet  above  the  lake.  The  main  drainage 
this  system  is  at  present  southward,  but  it  communicates 
h  the  Seneca  valley  by  two  wide  gaps,  allowing  several 
rt  streams  to  enter  the  lake,  which  they  do  by  a  sudden 
nge — one  of  them  cutting  the  beautiful  Havana  glen  in  its 
cent.  These  streams  must  have  fallen  1,000  feet  in  three 
es  in  order  to  have  reached  the  Seneca  valley  bottom  at  its 
sent  level.     In  like  manner  the  stream  which  has  excavated 

celebrated  Watkins  Glen  descends  about  500  feet  in  its 
;  mile  through  a  canyon  with  vertical  walls,  while  its  upper 
\  miles  are  mostly  in  an  old  valley  with  moderate  grades, 
igain,  Dundee,  situated  three  miles  from  the  west  shore 
I  ten  miles  north  of  Watkins,  stands  600  feet  above  Seneca 
B.  It  occupies  a  site  apparently  near  the  mouth  of  an  old 
ley,  bounded  by  rock-hills  from  300  to  400  feet  high,  and 
>laying  a  rocky  bottom  in  the  stream  at  Dundee.  The 
ey  has  four  or  live  branches,  extending  six  miles  above  the 

^neca  lake  bottom.is  177  feet  below  tide;  high  points  W.  of  Watkins,  near 
'  foet  above  tide. 
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villace  in  several  directions,  with  very  tnoderate  grades  In 
the  direction  of  the  lake  the  vallev-sides  becomu  lower,  and 
the  valley  itself  disappears,  dehoitc^iing  npon  the  lake  side  si 
an  imjigiiiary  plane  in  mid-air.  From  this  point  the  lake-side 
desoeiide  emoothly  and  rapidly,  while  the  stream,  with  man? 
cascades,  falls  500  feet  iu  two  miles. 

If  these  valleys,  or  any  of  them,  had  a  preglacial  existence, 
and  a  rational  connection  with  the  lake  valley,  it  wonld  seem 
necessary  to  suppoKu  that  the  bed  of  the  latter  then  st^HMl  u 
an  elevation  800  (?)  feet  higher  than  at  present.  If  ther 
drained  away  from  the  lake,  they  would  soon  have  been  cut 
down  by  robber-streams  falling  into  the  Seneca  valley.  The 
present  Chemung  river  valley,  which  wonld  be  the  sontherh 
exit,  is  1200  feet  higher  than  Seneca  valley  floor. 

The  trough  of  tne  present  lake  rnns  straight  south  from 
Watkins  to  the  open  valley  about  Elmira,  23  miles  distant. 
The  present  bottom  of  the  lake  is  1,000  feet  below  the  river  al 
Elmira;  a  discrepancy  which  may  he  harmonized  bv  either  uf 
two  hypotiieses, — glacial  erosion  of  the  lake  bed.  and  fillingof  tiie 
valley  at  Elmira  with  overwash  from  the  moraine.  That  tLe 
truth  is  a  composite  of  both,  seems  very  probable. 

Tlie  belief  that  the  lakes  are  deeply  gouged  by  ice  is  con- 
sistent with  the  fact  that  their  deptn  (in  the  case  of  the  two 
largest)  is  mnch  the  greatest  in  the  sonthem  third.  Con- 
sidered relatively  to  the  glacial  movement,  this  is  the  down- 
ward part,  and  the  fact  agrees  with  Geikie'a  statement; 
regarding  the  rock  cut  lochs  of  western  Scotland,  which  funii 
baainH,  deepest  toward  their  outlet.  The  section  of  Senea 
lake  along  its  axis  is  like  that  of  an  elongated  tablespoon. 
pointed  to  the  north.  Bnt  until  we  know  more  about  tbe 
depth  of  ailnvial  and  drift  deposit  at  the  ends  of  the  lakes, 
this  consideration  may  bo  waived.  It  is  nearly  certain,  hi>w- 
ever,  that  the  lake  Led  is  not  more  than  300  feet  deep  at 
Geneva  where  the  apparent  depth  is  40  feel. 

The  direction  of  preglacial  drainage  may  perhaps  be  inferred 
from  the  considerable  and  continuous  slope  of  the  land  toward 
Lake  Ontario.  The  height  of  land  between  this  slope  and 
that  toward  the  Susquehanna  system  is  near  the  south  endsd! 
the  lakes,  and  it  does  not  seem  necessary  to  suppose  that  it 
was  formerly  placed  ranch  farther  to  the  north.  Such  vallejt 
as  Seneca  may  have  had  their  divide  near  the  southern  ends 
of  the  present  lakes.  A  number  of  streams  seem  ,to  have 
run  southward  across  the  divide;  of  which  Kenka  lake,  and 
much  of  the  distribution  of  the  valleys  abont  Canandaigui 
and  Owaseo  lakes,  offer  strong  suggestions. 

Few  borings  have  been  made  north  of  the  lakes,  and  it  is 
not  advantageous  to  speculate  upon  a  possible  outlet  for  the 
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north-flowing  streams.  The  lowlands  north  of  Cayuga  lake 
(Montezuma  marshes)  offer  a  very  slight  barrier  to  such  a  dis- 
charga  It  is  worth  noting  that  a  boring  made  at  Geneva,  at 
the  Take  side,  encountered  obstacles  from  bowlders  at  about 
100  feet,  and  struck  no  true  rock  until  240  feet  below  the 
water  line.  A  valley  three  miles  wide  between  existing  rock- 
exposures,  and  300  feet  deeper  than  the  present  lake  surface, 
apparently  opening  to  the  north,  is  indicated  at  Geneva :  some 
of  this  depth  may  be  ascribed  to  glacial  action. 


Section  of  Channel  of  Wisconsin  River  (Report  of  U.S.  Geol.  Sur.,  VI,  p.  230) 
partially  filled  with  river-gravel ;  compared  with  that  of  Seneca  Lake  at  deepest 
point.  The  latter  section  is  adapted  to  scale  from  that  given  od  the  map  pub- 
lished by  Cornell  University;  the  dotted  slope  of  bank  is  obtained  from  contour- 
linea  of  map.     Ratio  of  vertical  to  horizontal  scale  nearly  =  10  :  1. 

The  accompanying  cut  is  given  to  show  the  contrast  between 
the  much-glaciated  banks  of  Seneca  Lake,  with  thin  smooth 
ffentle  curve  leading  to  the  upland  levels,  and  the  unglaciated 
banks  of  the  Wisconsin  River,  fallioff  at  a  sharp  angle  fro^l 
the  level  of  the  plain  in  which  the  valley  is  cut.  The  section 
is  from  one  of  the  narrower  parts  of  the  river,  in  its  course 
through  the  non-glaciated  region.  The  river  valley  is  filled  to 
an  unknown  but  considerable  depth  with  material  brought 
from  glaciated  territory.  The  lake  valley,  judging  from  the 
outline  given,  is  free  from  heavy  glacial  or  postglacial  deposits 
for  many  miles  ;  its  ends,  however,  are  deeply  filled. 


Art.  XXXIX. — On  Certain  Points  hi  the  Interaction  (yf  Po- 
tassium Permaiwanate  and  Sulphuric  Acid ;  by  F.  A. 
GoocH  and  E.  W.  Danner. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XVII.] 

In  an  article  published  some  years  ago  by  Mr.  Francis 
Jones*  upon  the  action  of  reducing  agents  upon  potassium 
permanganate  the  statement  is  made  that  in  the  interaction  of 

*  Jour.  Chem.  Soc,  xzziii  (1878),  p.  95. 
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oxalic  acid  and  tho  permanganate  in  whatever  way  the  coniii- 
tiona  were  varied — whether  there  was  excess  of  oxalic  acid  or 
of  permanganate,  whether  the  solutions  were  strong  or  tUluU', 
whether  acid  was  present  or  not — in  every  case  oxyccn  wm 
obtained  as  a  product  of  the  reaction.  The  action  lielweeii 
the  perinanganatu  and  ferrous  aalte,  in  prcseace  or  aU»;ncei)f 
acids,  in  dilate  or  strong  solutions,  was  said  to  yield  oxygen 
similarly.  In  the  discussion  which  followed  the  reading  of 
tilts  paper  before  the  Chemical  Society  (London)  some  adveiw 
comment  seams  to  have  been  developed.* 

ilore  recently,!  i"  devoloping  liifl  exoellent  volumetric 
methods  for  the  estimation  of  telfiirium,  Professor  B.  Brauner 
haa  noticed  a  similar  effect  in  the  action  of  potassium  pr 
manganate  upon  tellurous  oxide  dissolved  in  sulphnric  acid, 
and  nas  shown,  farther,  that  in  this  particnlar  case  the  evolu- 
tion of  oxygen  is  proportional  to  the  amount  of  sulplioric 
acid  employed,  and  that  in  working  with  alkaline  soluCiune 
little  evidence  of  such  action  appears, 

Tiie  production  of  permanganic  acid,  and  secondariljf  of 
free  oxygen  and  ozone,  by  the  action  of  strong  sulphuric  vaA 
upon  a  permanganiite  is  one  of  the  commonest  of  phenomeoi, 
and  the  formation  of  a  precipitate  consisting  lare«ly  of 
hydratcd  manganese  dioxide  by  the  action  of  hot  diluteBsl- 

[mnric  acid  upon  the  permanganate  in  aqneoas  Bolution  ie 
ilcewise  well-known.  It  seemed  desirable  to  ns,  therefore,  to 
study  further  the  action  of  sulphuric  acid  of  different  strcDglh* 
upun  the  permanganate  in  sulntion  with  a  view  to  determiu- 
ing  how  far  such  action  may  be  responsible  directly  or  iudi- 
rectly  for  the  liberation  of  free  oxygen  in  oxidations  brought 
about  in  the  presence  of  the  acid.  In  the  first  set  of  experi- 
ments directed  to  this  end  we  determined  the  amount  of  potss- 
Biiitii  permanganate  remaining  after  exposure  to  the  action  uf 
sulphuric  acid  during  different  intervals  of  time  and  under 
varying  conditions  of  strength  and  temperature.  The  per- 
manganate was  used  in  approximately  decipormal  eolutioiis 
(S'lC  grms.  to  the  liter)  the  exact  strength  of  which  wu 
determined  relatively  to  an  approximately  decinormal  sohilinu 
of  oxalic  acid.  In  fixing  the  standard  huiuII  portions  (nsuallv 
10  cm')  of  the  oxalic  acid  were  diluted  to  a  volume  of  100  cm' 
by  means  of  sulphuric  acid  of  two  per  cent  strength  by  vol' 
ume,  the  solution  was  heated  to  70^  C.  or  80°  C.,  and  the 
permanganate  was  added  as  usual  until  the  first  permanent 
bluf'h  of  color  appeared. 

The  general  mode  of  proceeding  in  the  test  experiineDls 
wiis,  in  brief,  to  mis  the  solution  of  permanganate  with  the  snl- 
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phnric  acid  (always  previously  diluted  with  an  equal  volume  of 
water,  and  cooled)  and,  after  the  lapse  of  time  indicated  to 
add  oxalic  acid  in  quantity  a  little  more  than  sufficient  to 
bleach  the  entire  amount  of  permanganate,  warm  to  about  80^ 
C,  and  titrate  the  residual  oxalic  acid  by  gradual  addition  of 
more  permanganate.  The  difference  between  the  amount  of 
permanganate  needed  under  the  conditions  to  destroy  the 
known  amount  of  oxalic  acid  and  that  used  in  the  determina- 
tion of  the  standard  should  measure  the  oxygen  lost  by  the 
permanganate  under  the  action  of  the  sulphuric  acid.  The 
results  and  details  of  these  experiments  are  given  below. 

Table  I. 


H,S04 

11:1] 
cm' 

Water, 
cm* 

K,MnaO« 
in  decinormal 
solution, 
cm* 

A. 

Percentage  of 

H,S04[1:1] 

in  solution 

during  action. 

Percentage  of 

K.Mn,OH 
used  as  com- 
pared with  that 
required  by  theory, 
cm* 

Treated  immediately. 

2 

8 

10 

JO 

100 

4 

6 

10 

20 

100 

6 

4 

10 

30 

101-5 

8 

2 

10 

40 

101-6 

10 

-- 

10 

50 

101-9 

a. 
Treated  after  standing  eight  hours  at  ordinary  temperature. 

2 

8 

10 

10 

09-7 

4 

• 

6 

10 

20 

99-7 

6 

4 

10 

30 

101-3 

8 

2 

10 

40 

105-3 

10 

10 

50 

il5-7 

u. 
Treated  after  standing  fi^e  days 

at  ordinary  temperature. 

2 

8 

10 

10 

104 

4 

6 

10 

20 

121-0 

6 

4 

10 

30 

149-7 

8 

2 

10 

40 

155-9 

10 

10 

50 

156-4 

Treated  after  standing  one  and  one-half  hours  at  SC-OO**  C. 

2 

8 

10 

10 

101-3 

4 

6 

10 

20 

143-8 

6 

4 

10 

30 

135-9 

8 

2 

10 

40 

149-1 

10 

10 

50 

155-3 

It  is  manifest  from  an  inspection  of  Table  I»  that  the  de- 
composition of  the  permanganate  increases  directly  in  each 
•eries  of  experiments  with  the  increase  in  the  proportion  of 
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gnlphuric  acid,  that  the  amount  of  decomposition  is  greater  a 
the  time  of  action  is  extended,  and  that  jncrease  of  tempera' 
turo  heigbt«iiB  t!ie  change.  We  note  iu  particular,  for  ezam 
pie,  that  the  presence  of  Ion  per  cent  of  [1  :  I]  ealplinric  acid 
indncos  at  the  ordinary  temperature  no  iinmodiate  decon3po$i 
tion  of  the  permanganate,  none  in  eight  hours,  and  a  breaking 
down  amouniing  to  four  percent  in  tivedayg;  and  that  tbe 
presence  of  tifty  per  cent  of  acid  of  the  same  strength  oca- 
sions  the  decompofiitiou  of  about  two  per  cent  at  once,  fifteen 
per  cent  in  eight  hours,  and  more  than  half  the  entire  amonol 
of  permanganate  iu  the  courso  of  live  days.  It  is  evident 
also  that  twenty  per  cent  of  th«  [1 : 1]  acid  produces  no 
appreciable  effect  at  ordinary  tctupcratureG  and  under  expo 
anres  of  a  few  hours  only,  "the  effect  of  heating  the  mixCnre 
of  acid  and  permanganate  to  80°  C.  for  an  hour  and  a  h^f 
is  closely  comparable  with  that  bronght  about  by  the  live  days 
action  at  the  ordinary  temperature. 

In  anotlier  series  of  similar  experiments,  the  detailed  rewrd 
of  which  we  omit  as  unnecessary,  the  absolute  amounts  of 
li(juid  and  acid  were  increased  while  the  proportion  of  tie 
latter  to  the  whole  volume  of  the  former  was  preserved.  The 
volume  of  the  liquid  containing  the  acid  and  permanssiiat« 
was  fixed  at  100  cm'  and  the  absolute  amounts  of  acid  ven 
taken  five  times  as  great  as  those  used  at  correeponding  poinli 
of  the  preceding  series.  The  amounts  of  decomposition  ob- 
served in  these  experiments  followed  those  of  the  first  Beriee 
so  closely  as  to  coijijh;!  the  conclusion  tliiit  it  is  the  pniri'irtion 
of  acid  present  rather  than  the  absolute  amount  wnioli  i? 
chiefly  influential  in  the  decomposition  of  the  permanganate 
under  given  conditions.  In  still  another  series  of  experiments 
which  differed  from  the  last  in  the  single  point  that  the 
amount  of  permanganate  used  was  increased  five-fold  no  appre- 
ciable differences  in  effect  which  might  be  traced  to  sucli 
extra  use  of  permanganate  were  discoverable. 

It  is,  of  course,  possible,  and  even  probable,  that  some 
decomposition  of  the  permanganate  by  the  sulphuric  acid 
might  be  brought  about  after  the  addition  of  the  oxalic  acid 
during  the  warming  of  the  mixture  up  to  the  temperature  at 
which  the  oxalic  acid  and  permanganate  interact.  The  experi- 
ments of  Table  II  were  therefore  undertaken  to  test  this 
point.  In  them  oxalic  acid  was  replaced  by  a  solution  of  fer- 
rous sulphate  in  order  to  secure  the  removal  of  the  residual 
permanganate  at  ordinary  temperatures.  The  greatest  care 
was  taken  to  guai-d  against  atmospheric  oxidation  during  the 
course  of  the  experiment,  Tiie  solution  of  ferrous  sulphate 
was  standardized  before  and  after  making  the  test  experiment; 
and  found  to  be  unchanged  during  the  period  of  work.    In 
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the  first  five  experiments  of  series  B  the  proportions  of  acid 
and  liquid  of  series  A  were  preserved  while  the  absolute  vol- 
nmes  were  increased ;  in  the  last  four  experiments  the  range 
of  variation  in  proportions  was  extended. 

Table  II. 

Percentage  of 
Percentage  of      EaMnsOt,  used 
KsMnaOn  in       H9SO4  [1:1]        as  compared 


H,S04 

decinormal 

in 

solution 

with  that  re( 

[1:1] 

Water. 

solution. 

during  action. 

by  theor} 

cm* 

cm* 

cm* 
A. 
Treated  at 

once. 

2 

8 

10 

10 

100 

4 

6 

10 

20 

100-2 

6 

4 

10 

30 

100-1 

8 

2 

10 

40 

100-1 

10 

"•  • 

10 

B. 
Treated  at 

once. 

50 

100-3 

10 

80 

10 

10 

100-1 

20 

70 

10 

20 

100-1 

30 

60 

10 

30 

100- 

40 

50 

10 

40 

100-5 

50 

40 

10 

50 

101-3 

60 

30 

10 

60 

103- 

70 

20 

10 

70 

105- 

80 

10 

10 

80 

103-3 

90 

.. 

10 

90 

1081 

The  results  of  these  experiments  indicate,  as  was  antici- 
pated, that  rather  less  decomposition  of  permanganate  is 
caused  by  the  sulphuric  acid  when  the  reduction  of  the  re- 
sidual permanganate  is  effected  at  ordinary  temperatures.  The 
increase  in  the  amount  of  decomposition  as  the  proportions  of 
sulphuric  acid  [1 : 1]  present  are  pushed  beyond  fifty  per  cent 
of  the  liquid  is  striking. 

We  have  studied  these  same  phenomena  still  further,  vary- 
ing, however,  the  mode  of  proceeding  so  as  to  observe  and 
measure  the  gas  evolved  from  the  liquid  as  Jones*  and  Brauner* 
did  in  their  individual  investigations  of  the  evolution  of  oxy- 
gen during  oxidations.  In  these  experiments  tubes  of  suitable 
size  and  length,  holding  from  100  cm'  to  200  cm',  were  sealed 
at  one  end,  filled  completely  with  the  mixtures  of  acid  and 
permanganate,  inverted,  and  allowed  to  stand  with  the  lower 
and  open  end  submerged  in  liquid  of  the  exact  composition  of 
that  which  filled  them.  The  details  and  results  of  these 
experiments  are  recorded  in  Table  III. 

•loc.  cit. 
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Table  III 

A. 

B. 

H,80,[l  :  1]  = 

no  per  eeut, 

U,80.[l  : 

]  =  25  pM  cent 

Time 

Onsfrum 

GnH&utu 

el.p«d. 

100  cm'. 

Appeariii.oe. 

100  on.'. 

Appwrnnw, 

5  mill. 

0  1  ito* 

M»  chauite. 

Small  bubble 

No  filling* 

J  hour. 

No  oliauea. 

1  <Uy. 

N-     " 

Bed  brown. 

3  .U.r» 

iss  ■■ 

15a    " 

Light  brown. 

9-6  cm" 

>  ReddiBh  purple, 
(  Turbid. 

1    '■ 

Broirn,  turbid. 

181    ■■ 

1  Reddisli  piQk. 

i  Clonring  by  preoipi- 

\  Clearing  by  prt- 

i  Utlon. 

(  cipiution 

16     " 

ns  ■■ 

Clear,  slraw-coiored. 

18       " 

KBurl;  ciMr, 

n  '■ 

n-4  " 

36     " 

17  6    ■■ 

"         ■'        " 

ll'i    ■■ 

1  Clear  and  mIqt- 

lljSO.tl  :  l]=  i2'5pM« 


Itour. 
Idiy. 

3d.y« 

14     •■ 

Sniftll  bubble. 

iiubble. 

Bubbb  IfliSsr. 
jj.     ,. 
13-     " 

No  ohauge. 
Color  liButet. 

Smitll  biibble. 
Bubblp. 

Bubble  l«rgBr. 
1  em' 

No  chdEue 

44    '■ 

S   " 

Utile  diinge 

The  foil  amount  of  permaugaiiate  present  in  100  cm'  of 
escb  mixture  ehonld,  if  reduced  to  the  lowost  condition  of  ott 
datioD,  be  cupaMu  of  liberating  abont  2S6  cm'  of  oxygen, 
and  every  cnbic  centimeter  of   gas   collected  oorreeponds  to 

8-ft  per  cent  of  tlie  entire  quantity  of  aviiiluble  oxv'ien.  In 
comparing  the  amount  of  gas  liberated  at  once  by  50  per  cent 
snlphuric  acid  [I  :  1]  {Table  III,  A)  with  the  amount  of  reduc- 
tion of  the  permanganate  indicated  under  simitar  conditions 
(Table  I,  A)  it  appears  that  less  than  one-fifth  (0'35  per  cent) 
of  the  available  oxygen  of  tho  permanganate  which  disap- 
pears in  the  action  escapes  solution  and  appears  in  free  form. 
Wlien,  however,  the  comparison  is  made  between  the  amount 
of  gas  liberated  after  four  or  five  days  (about  55  per  cent  of 
the  total  available  oxygen)  and  the  amount  of  reduction  of 
the  permanganate  during  a  similar  interval  (Tabic  I,  C)  tlie 
iigreement  is  fairly  close— within  one  or  two  per  cent — the 
proportion  of  oxygen  which  goes  to  saturate  tlie  liqnid  being 
small  relatively  to  the  large  absolute  amount.  It  would  seein 
to  be  evident  that  dnring  this  interval  the  breaking  np  of  the 
permangjinate  resulted  chiefly  in  its  reduction  to  the  lowest 
form  of  oxidation.  After  the  seventh  day  in  Exp.  A,  when 
a  precipitate  began  to  appear,  comparatively  little  oxygen  w« 
i^et  free ;  ;ind  on  the  thirty-fifth  day,  when  the  precipitation 
had  ceased  and  the  remaining  liquid  was  straw-colored  the 
amount  of  gas  collected  corresponded  to  about  61  per  cent  of 
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he  available  oxygen  of  the  permanganate.  The  remaining 
\9  per  cent  must  have  gone  with  the  precipitated  oxide  or 
lave  remained  in  solution  as  a  higher  sulphate.  That  but 
ittle  of  the  higher  sulphate  did  remain,  however,  is  shown  by 
omparison  of  A  with  B,  in  which  after  thirty-five  days  the 
iqnid  was  entirely  bleached.  The  gas  finally  set  free  in  B 
mounted  to  644  per  cent  of  the  available  oxygen  of  the 
>ermanganate,  and  the  re(nainder,  36'6  per  cent,  would  be 
enough  to  throw  down  about  90  per  cent  of  the  entire  amount 
»f  manganese  in  the  permanganate  in  the  degree  of  oxidation 
)f  MnO,.  It  is  noteworthy  that  the  stronger  acid,  50  per 
»nt  [1 :  rj,  still  held  some  of  the  higher  oxide  in  solution 
mtil  the  end,  and  that  the  acid  of  25  per  cent  [1 : 1]  allowed 
ie  decomposition  to  pass  to  completion  in  thirty-five  days, 
s^hile  the  smaller  amounts  of  acid,  12'5  per  cent  [1  : 1]  and 
6-25  per  cent  [1 : 1],  brought  about  in  forty-four  days  decom- 
position amounting  respectively  to  42  per  cent  and  17*5  per 
cent  respectively. 


% 

Table  IV. 
Time  elapsed. 

. .  — 

Percentage 

Percentage 

of 

X 

s  of  KaMnaO. 

H,S0,[1 

:1]    1  day, 
Color 

2  days, 
Color 

3  days, 
Color 

4  days, 
Color 

6  days,    decomposed. 

10 

Color 

« 

unchanged. 

unchanged. 

1 

1 

unchanged. 

unchanged. 

Slitrht 
sediment. 

unchanged. 

Slight 

sediment. 

Slight 

scum. 

103-6 

20 

11         it 

i 

it         ti 

Color 
unchanged. 

Slight 
sediment. 

Color 
unchanged. 

Slight 
sediment. 

107-4 

30 

1       li            i; 

• 

,     it        i( 

! 

(1         ti 

Reddish 
tinge. 
Slight 

sediment. 

Reddish 
tinge. 

106  9 

40 

it             a 

1.                 u 

1 

1 

1 

Tinged  with 
reddish 
brown. 

Reddish 
brown. 

Reddish 
brown. 

139-2 

50 

tl                 u 

tt           t( 

Reddish 
brown. 

Reddish 
brown. 

Red 
brown. 

157-4 

60 

'      Color 

'      Color 

Reddish 

Sherry 

Reddish 

158-9 

redder. 

redder. 

brown. 

brown. 

olive. 

70 

.     tt        ti 

•»        (. 

Sherry 

Reddish 

Reddish 

161-1 

• 

brown.     ' 

ohve. 

olive. 

It  seemed  to  be  desirable  in  this  connection  to  make  the 
experiments  detailed  in  Table  IV,  in  which  note  is  made  of 
changes  in  color  and  formation  of  precipitates  in  100  cm'  por- 
tions of  liquid  containing  10  cm'  of  decinormal  permanganate 
ind  varying  proportions  of  acid  during  five  days'  standing. 
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the  degree  of  decomposition  of  the  permaD^anate  being  fiaallr 
determined,  as  in  the  experiinetiCs  of  Tubles  I  and  II,  by  adi 
in^  a  email  cxcgbg  of  oxalic  acid  to  thoee  mixtures  contained 
in  Erlenmeyer  flaatB,  heating  to  about  80°  C,  and  titrating 
with  perman^nate  the  reeidnal  oxalic  acid. 

In  the  first  tive  experiinenU  little  change  of  tint  was  noted 
upon  the  addition  of  the  oxalic  acid  to  the  cold  solution,  but 
in  the  last  two  experiments  the  reddish  olive  color  became  at 
once  dietinctly  red — presunmbly  becanao  the  higher  sulphate 
of  manganese  was  attacked  in  the  cold  by  the  oxalic  acid  (i* 
Brauner  has  shown)  and  so  the  natural  color  of  thtj  pennaugi- 
nate  was  permitted  to  a&sert  itself.  The  extreme  aocomiwwi- 
tion — that  which  took  place  in  the  last  experiment,  in  wtiicli 
70  per  cent  of  the  [1 : 1]  acid  was  present — correspond* 
nearly  to  the  reduction  of  the  entire  amount  of  pennanganate 
present  to  the  condition  of  oxidation  of  MnO,  wnich  is  known 
to  exist  in  combination  with  snlphuric  acid  in  the  form  of  a 
higher  manganic  sulphate.  It  is  to  be  noted  that  the  separa- 
tion of  the  insoluble  higher  oxide  took  place  only  wheu  the 
percentage  of  acid  was  low. 

It  appears  tlierefore,  in  brief,  that  when  potassium  per- 
manganate and  sulphuric  acid  are  brought  into  solution 
together  under  the  conditions  which  we  have  studied  there  is 
developed  a  tendency  toward  reduction  on  the  part  of  the 
former  which  ia  the  greater  an  the  strength  of  the  acid  is 
increased,  as  the  temperature  is  raised,  and  as  the  duration  of 
action  is  extended.  It  appears  fnrther,  at  least  when  the  acid 
is  not  present  in  proportion  greater  than  50  per  cent  of  tlie 
[1 : 1]  mixture,  that  in  the  early  stages  of  the  action  the  oxygen 
lost  to  the  permanganate  is  liberated,  and  that  later  on  tlie 
decomposition  of  the  permanganate  results  in  the  precipitation 
of  manganese  in  the  form  of  a  higher  oxide  or  in  the  reten- 
tion of  the  manganese  in  solution  in  the  form  of  a  higlier  sul- 
phate. It  is  natural  to  suppose  that  the  first  effect  of  the 
mutual  action  of  the  acid  and  the  permanganate  is  to  set  free 
permanganic  acid,  which,  being  unstable,  breaks  up  with  tlie 
results  described. 

Tho  bearing  of  these  observations  and  inferences  upon  the 
question  of  the  action  of  potassium  permanganate  during 
oxidations  carried  on  in  the  presence  of  sulphuric  acid  is  oi»vi- 
ous;  for,  if  the  aqueous  acid  is  able  to  liberate  permanganic 
acid  in  such  proportions  as  to  be  spontaneously  unstable,  it  \i 
reasonable  to  presume  that  any  reducing  substance  present  »t 
the  time  of  such  action  may,  by  virtue  of  its  attractive  action 
npon  the  oxygen  of  many  more  molecules  of  the  permanganic 
acid  than  would  he  uecesaary  to  supply  the  exact  amount 
needed   for  perfect  oxidation,   tend   to   increase   the   genersl 
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tability  of  the  already  unstable  molecules  and  so  set  up  a 
-reaching  decomposition.  It  seems  to  us  that  these  consid- 
tions  throw  some  light  upon  the  phenomena  observed  by 
inner*  in  the  oxidation  of  tellurons  oxide  in  presence  of 
pburic  acid ;  and  the  fact  that  the  liberation  of  free  oxygen 
this  special  case  is  more  noticeable  than  in  the  oxidation  of 
rouB  salts  or  oxalic  acid,  for  example,  is  explicable  in  the 
it  of  Brauner's  observation  that  the  attraction  of  tellurous 
de  for  oxygen  is  greatly  inferior  to  that  of  these  substances 
lot  sufScient,  in  fact,  to  break  up  so  unstable  a  substance  as 
nganic  sulphate,  which  is  at  once  reduced  by  ferrous  salts 
oxalic  acid.  The  practical  lesson  to  be  drawn  is  the  desira- 
ity  of  keeping  the  acid  present  in  oxidations  effected  by  the 
incy  of  permanganate  at  the  lowest  limit  consistent  with 
"feet  oxidation. 

[n  Table  V  are  recorded  the  results  of  a  comparison  made 
ween  Brauner's  two  excellent  methods  for  the  determina- 
D  of  tellurous  oxide  by  titration  with  potassium  permanga- 
jQ — the  one  in  alkaline  solution,  the  other  in  acid  solution — 
which  the  precaution  suggested  as  to  the  restriction  of  the 
onnt  of  acid  which  should  be  present  was  taken.  The 
Inrous  oxide  used  in  these  experiments  was  prepared  for  the 
called  pure  crystallized  element  by  oxidation  with  nitric 
d  and  the  prepared  and  ignited  oxide  was  dissolved  in  potas- 
m  hydroxide. 

[n  series  A  the  alkaline  solution  of  the  oxide  was  diluted  to 
}  cm",  potassium  permanganate  was  added  in  excess,  sul- 
aric  acid  [1 : 1]  was  introduced  to  an  amount  not  exceeding 
more  than  5  cm'  that  needed  for  neutralization,  oxalic  acid 
s  added  in  excess  of  the  amount  needed  to  destroy  the  man- 
lie  oxide  and  permanganate,  the  liquid  was  warmed  to  about 
'  C,  and  the  surplus  of  oxalic  acid  was  titrated  by  perman- 
date. 

[n  series  B  the  alkaline  solution  of  the  oxide  was  treated 
th  sulphuric  acid  [1 : 1]  until  the  precipitate  first  thrown 
wn  was  just  redissolved,  and  1  cm'  of  the  same  acid  was 
ied  in  excess.  Permanganate  was  added  in  excess  and  oxalic 
d  in  excess  of  the  permanganate,  the  liquid  was  warmed, 
i  titration  by  permanganate  to  the  final  reaction  was  com- 
(ted  as  usual.  In  the  calculation  of  the  results  the  atomic 
ight  of  tellurium  used  by  Brauner  in  his  workf  was  adopted 
i  the  figures  obtained  correspond 'fairly  well  (without  the 
plication  of  any  correction)  with  theory  based  upon  this 
umption.  Our  purpose,  however,  was  simply  to  test  the 
"eement  between  titrations  made  in  alkaline  solution  and 
)6e  carried  out  in  acid  solution. 

*  loa  cit.  t  loc.  cit.,  p.  240. 
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TcO,  token. 

ToO,  round. 

Error. 

Ueac  »rror 

'• 

O'liilW  grm. 

0-1  lOB  grni. 

0-0001  grm 

—  ■ 

h 

(1-0783      " 

0-0783     ■' 

0-0000     " 

(SI 

0-OBai    " 

0-003B     " 

0-m)07     " 

+ 

0*0006  gnu,+ 

(<) 

O'llOO      " 

O'lllB     ■' 

0-0016     " 

+ 

(SI 

0-0904     " 

0-0907     " 

0-0003      " 

-h 

(s) 

0-1085      " 

0-1077     *' 

0-0012      '■ 

-+-. 

TbO,  Ihken. 

B 
TsO,  found. 

Brror. 

MpHn  error. 

('! 

O'OfllO  grm. 

00812  grin. 

0*0002  grm 

+ 

(4 

OOOIO     " 

0-OB08      " 

0-0002      " 

— 

(») 

(4) 

«-«Bl  1      '■ 
0-0913      " 

t)-Ofl23     " 
00fll.1     *' 

O'OOll     " 
0-0000      " 

+ 

0-0003  griu  + 

(») 

0-01)  1 2     " 

0091;)    " 

0-0001     " 

■f  1 

(») 

0-0814     " 

ooftil     " 

00007     " 

+i 

Tlw*  agrsEiment  between  the  itidit-atione  of  tbe  two  mcthiiji 
IB  evidently  eloBb,  and  it  is  siiffgcBtive  that  that  error  whicl  i* 
Bliphtly  the  lareer,  and  also  in  the  direction  indicative  of  lareer 
oxjwnaiture  or  the  portuauganate  in  prodnciofj  the  eroct 
AoQght,  is  found  on  the  side  of  tlie  determinations  made  in 
alkaline  solution. 

As  to  tlie  correlative  question  of  the  liberation  of  oxygen 
during  oxidations  liy  potassium  permanganate  in  a.Ikaliiie  eolu- 
tion  we  h.'ive  made  no  expcrimontfl,  hot  experience  (not  de- 
tailed in  this  pajiL-r)  in  tlio  collection  of  the  gas  lilierated  in 
oxidations  effected  in  presence  of  acid  leads  us  to  distrust  the 
evidence  of  such  experiments  unless  the  amount  of  gas  libe- 
rated is  considerable.  While,  on  the  one  hand,  small  qnanti- 
tiea  of  liberated  eas  may  be  so  completely  absorbed  as  not  to 
appear  free  at  all  it  often  transpires,  on  the  other  hand,  thit 
the  simple  admixture  of  unlike  liquids — such,  for  example,  u 
a  solution  of  potassium  permanganate  with  sulphuric  of 
strength  insufficient  to  liberate  oxygen — may  bring  about  i 
very  anpijecialdc  liberation  of  dissolved  gases.  So  f;ir  as  ap- 
pearsi,  however,  the  atMrnjalion  of  tJie  liberation  of  osygeii  m 
oxidations  by  potassium  permanganate  in  alkaline  solutions 
now  rests  upon  evidence  of  that  nature  on!y. 
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iT.     XL. — On    the    Crystallography  of   the    CcBsmm-Mer- 
curic  Ualides ;  by  S.  L.  Penfield. 

The  salts  to  be  described  in  this  paper  were  prepared  bj 
jf.  H.  L.  Wells,  and  their  clieinieal  description  has  been 
en  by  Iiim  in  the  September  number  of  this  Jonmal. 
The  crystals  were  all  measured  on  a  Fness  reflecting  goni- 
eter,  model  II,  acd  fjreat  pains  were  taken  to  select  the  best 
aBnrfoients  as  fundamental.  In  a  few  cases,  where  the 
stals  were  very  small  and  the  reflections  of  the  signal, 
refore,  rather  broad,  the  mean  of  a  series  of  measnreraents 
5  used.  The  axial  ratios  are  given  in  tabular  form  at  the 
pnning  of  each  separate  chemical  type  and  the  fundamental 
jles,  from  which  these  are  derived,  are  marked  by  an 
erisk  in  the  table  of  angles  accompanying  each  salt. 


C^iH^h  Orthorhombic,  moooclinic  hem 

CB,HKCUBr, 

Cs,Hg;Br, 

CsiHgl.,  Orthorbombic,  aplienoidal  hemihedrUm 


Ca.HgBrJ, 

The  first  three  salts  have  ex- 
;ly  the  same  habit  and  crystal- 
e  in  slender  prisms,  attached  at 
e  end  and  terminated  at  the 
ler  by  faces  which  are  arranged 
th  monoclinic  symmetry,  figs.  1, 
md  3.  The  crystals  were  sel- 
m  over  1°"°  in  diameter,  but  the 
!ee  were  perfect  and  admitted 
accurate  measnrement  The 
rms  and  angles  are  : 


m,  110,  /                     d',  0 

1,  'l-I                        ;., 

111,    1 

d,   oil,  1-1                    e,    0 

1,  2-V                          P' 

lil.'l 

Ci.HpCI* 

Cs,IIgC],Bf, 

C8,ngBr 

HnouceA.  Ci 

IO*llUr;*lT^9' 

76"  33'      76°  30' 

*77'  5' 

~h 

10,111  =«43  21 

*43    29 

•43    61 

•A 

lO.llt  =   80  41     aoMu' 

80  37      8 

,rf. 

I0..011  =    69  65      69    54 

70    14       70    13 

63  49      6 

lO^Oit  =    Gn    8       60     11 

GO  10       6 

(T    011-011=    ( 


)    2S        19    23 


34   39  34   37      34   44  34  41      34   4 
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The  crystals  have  orthorboinbic  optical  propertiee.  When 
lying  on  their  pHsuiatic  faces  alt  sliow  in  poUrized  light  aa  ei> 
tinution  parallel  to  the  vertical  axis,  and  id  convergent  light  i 
trace  of  the  ring  eyetetD  can  he  seen,  iDdicattng  that  the  plaa« 
of  the  optical  axes  is  the  base. 

We  have  here  an  excellent  illnstratiun  of  inonocliiiic  hemi- 
hedrism  in  the  orthorhombie  system.  Among  all  of  the  cryi- 
tala  which  were  examined,  there  was  not  one  which  had  a  bolo- 
hedral  termination.  The  forms  il'  and^',  when  present,  wett 
always  smaller  than  the  corresponding  fonnK  if  and  ^,  while  « 
was  only  observed  to  the  right  above.  Also  the  ri{;ht  handed 
vertical  edge  of  the  prism  showed  a  tendency  toward  a  skeleton- 
like  growth,  which  was  not  observed  to  the  left.  In  mea^aring 
the  crvBtale  great  pains  were  taken  to  detect  a  monoclinic  cW- 
acter  by  the  angles,  but  none  could  be  found.  Of  coarse  the 
three  salts  may  bo  regarded  sa  monoclinic,  with  an  angle  ^ 
differing  so  little  from  90"  that  it  can  not  be  detected  by  the 
goniometer,  but  against  such  a  supposition  are  the  argnnienb, 
that  the  crystals  nave  orthorhombie  optical  properties  and, 
while  there  is  a  variation  in  the  axial  ratios  of  the  seric6  >i 
bromine  is  snbstitnted  for  chlorine,  there  is  nu  change  iu  the 
angle  ;?,  as  would  he  expected  if  the  salts  were  monoclinic. 
In  this  connection  it  is  interesting  to  note  that  while  the  chlo- 
ride and  bromide  are  very  similar  in  their  axial  ratios,  th« 
chemically  intermediate  chloro-broniide  is  not  crystailographi- 
cally  intermediate. 

At  the  present  time  there  seems  to  be  no  other  known  (.-mn- 
ponnd  which  illustrates  this  hemihedrism.  Different  subslanciis, 
which  have  been  referred  to  this  class,  as  datolite  or  wolfra- 
mite, for  example,  have  been  shown  by  accnrate  measnreinent, 
or  a.  study  of  their  optical  properti'-s,  to  be  trnly  monoclinic. 
Professor  P.  Groth,  in  the  last  edition  of  his  Physikalisehe 
Krvstallographie,  has  not  mentioned  this  hemihedrism  as  a  pos- 
sibility in  the  orthorliouibic  system,  althongh  in  the  former 
edition  of  his  work  and  in  most  treatises  on  crystallography  it 
is  recognized. 
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The  diflferent  crops  of  Cs.Hglj  which  were  examined  showed 
I  great  variety  in  habit,  represented  by  figs.  4-8.  The  hemi- 
liedral  development  is  not  always  strongly  marked,  and  forms 
like  figs.  5  and  6  are  the  commonest.  The  crystals  sometimes 
measured  over  5™™  in  diameter  and  gave  excellent  reflections. 

Only  one  crop  of  Cs,HgBr,I,  was  examined.  The  crystals 
rere  in  the  form  of  sphenoids,  fig.  9,  some  of  them  over  10™° 
in  diameter,  but  the  faces  were  curved  and  striated  and  only 
ipproximate  measurements  could  be  made. 

The  forms  which  were  observed  are : 

6,  010,  t-l         d,  102,  \-l        5,  021,  2-1        p\  lll,-l         o'  ll2,-i 
c,  001,    0         r,  Oil,  1-1        i?,  111,1  0,    112,  i         6,121,-2-2 

The  angles  of  Cs.Hgl,  are : 

Measured.      Calcalated.                                    Measured.  Calculated. 

c^o,  001  A  112  =  46"    V  46''    2' 

5aP,     001  aIU  =  «64M6'                         Oao',  112a1I2  =  39    55  39   46 

Pap',  111  A  111  =  ♦SO    23                          0  A  o',  112^112  =  87    57  87   56 

BaT.     001a011=    44    23          44^25'    o  a  d,  112^102  =  19    50  19  63 

SAtf,    001  A  021=    62    58           62    58     p^e,  ill  a  121  =  17    48  18     4 

Both  Cs.Hgl,  and  Cs.HgBr.I,  cleave  distinctly,  parallel  to 
the  base,  but  the  crystals  are  very  brittle  and  usually  break 
with  a  conchoidal  fracture.  Crystals  of  the  former,  which  are 
tabular  parallel  to  the  base,  show  in  convergent  polarized  light 
a  bisectrix  normal  to  c^  001 ;  the  plane  of  the  optical  axes  is 
the  macro-pinacoid  and  their  divergence  is  large. 

Type  2:1. 

a  :  b  :  c 
CsaHgOli      not  measured. 
CstHgBr*     Orthorhombic      0*5706:  1 :  1*4715 

C8,HgCl,Br,  "  0-567    :  1:    

GsaHgCUIs  "  tlot  measured. 

C8aHgl4  Monoclinic         1-3155 :  1 :  0-9260        ft  =  69"  56' 

CsaHgBrili  **  Approximately  like  CssHgl4 

The  crystals  of  Cs,HgCl^  were  too  thin  to  measure. 

Both  CSjHgBr^  and  C8,HgCl,Br,  crystallize  in  thin  rectangu- 
lar plates ;  those  of  the  former  were  sometimes  several  centi- 
meters long,  but  seldom  over  i™""  thick,  and  had  the     lo. 
habit  shown  in  fig.  10.     The  crystals  of  the  latter  salt 
«rere   very   much   thinner.      The    plates    were    often 
grouped,  with  the  large  pinacoid  faces  slightly  diver- 
^Dt,  and  isolated  crystals,  suitable  for  exact  measure- 
tnent  were  only  occafiionally  found. 

The  forms  which  were  observed  on  Cs,HgBr^  are  : 

6,  010,  «       c,  001,  0       m,  110,  /       rf.  Oil,  M       !>,  221,  2 

ind  on  OSjHffCljBr,,  J,  m  and  a  second  prism  130,  i-3.      The 
tnd  faces  could  not  be  made  out. 
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The  angles  of  C6,IIj;Br,  are  : 


,  ap,  UO  -  aai  =  33'  681'        33'  63' 


On  this  salt  tlie  dome  d  is  always  small  and  frequent);  want- 
in^.  The  pyramid  p  was  only  obrerved  on  a  few  crystals.  In 
convergent  polarized  lipht  -a  bisectrix  may  be  sefiu  iiomiiil  to 
S,  010.  The  plane  of  the  optical  axee  is  the  niacro-pinacuid 
uiid  their  divergence  ie  bo  lajgo  that  the;  cannot  he  measured 
in  air  but  iu  a-uiDnolimmn»]>htii]iue  the  following;  vulnee  were 
obtained : 


The  dispereion  la  stron^  /*]>''.     The  acute  hiaectrix  ifaxis 
of  least  elaeticitr,  the  doable  refraction  is  therefore  positive. 
The  only  angles  on  CB,HgCI,Br,  which  wore  meaeared  are: 


I,  no -.110  =  "BB'  B'  nnd  1 


=  opproj. 


53',  railo-nlaied  .10'  W 


In  convement  polarized  light  a  bisectrix  may  be  seen  normal 
to  h,  010.  The  plane  of  the  optical  axes  is  tlie  luacropinacoiiL 
and  their  divergence  is  large.  The  axis  of  greatest  elasticiC; 
is  normal  to  h. 

Only  very  fine  needles  of  Ca,Ug01,I,  were  obtained,  whieb 
were  too  smalt  for  measureineut.  These  appeared  under  the 
microscope  as  striated  prisms,  with  their  obtuse  edpes  ronndeiJ 
by  iiiifillutorv  (■uiiil)iiiatiiinH.  In  pohirizwl  light  they  i\\\>\\  u 
p:iiiilli']  i'\tiriclii.n  niid  in  convergent  light  a  biaxial  interfer- 
eiK-i;  ;i'^iiiv,  liir  [il;mo  of  thu  optical  axes  being  the  vertical 
pid.ii'iiiil.     'I'll.-  itriite  bisectrix  is  axis  of  least  elasticity. 

Till.-  LTVotnl&uf  (.Vjllglj,  which  were  frequently  several  cen- 


3 


■s  in  liiametcr.  sliowud  a  varietv  of 
iL-].ri>sfTitc(l  in  figs.  IJ.  12  and  l.S.  'The 
;  of  the  hittLT  iiabit  are  usually  attached 
I'liil  ;tiid  tapt'v  toward  the  free  extrem- 
■  iiig  tm  i!  t('iidQncy  to  develop  vicinal 
■  vriMiiiil-  ill  tliL'  zuiic  ■/-h. 
'Till!  crystals  of  Cs,HgBr,T„  which  were 
■xaini(K'd,  were  about  2""°  in  diameter  and  had 
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Jie  simple  habit  shown  in  fig.  14.     The  faces  were  rounded 
ind  uneven  so  that  only  approximate  measurements  could  be 
nade. 
The  forms  and  angles  are  : 


a,  100,  i'l                           c,  001,   0 
6,  010,  iri                           m,  110,  / 

d,  ^01,  2-i 

e,  Oil,   1-t 

CSaHgl* 
Measured.         Calculated. 

c  ^a,   001.    100  =  ♦69''  66' 

m^m,  110..ilO  =  »77    58 

a  ^d,    100^201  =  *41    25 

c  ^e,    001^011=   40    56             41'  1' 

CsaHgBrJ, 
Measured  approximately 

66Ml'to66'47' 

77    16  to  77    57 

The  cleavage  of  both  salts  is  perfect  parallel  to  the  base, 
lesB  so  parallel  to  the  clinopinacoia.  With  CSjjHgl^  the  plane 
3f  the  optical  axes  is  at  right  angles  to  the  symmetry  plane  and 
elinopinacoid  cleavage  sections  show  in  convergent  polarized 
light  an  obtuse  bisectrix,  which  is  axis  of  least  elasticity.  The 
axis  of  greatest  elasticity  makes  an  angle  of  about  50°  with 
the  vertical  axis  in  the  acute  angle  ^. 


CaHgCli 
CsHgClBr, 
CsHgBr, 
CsHgHrl, 


Type  1:1, 

a  :   b   :   c 
Isometric  and  Orthorhombic  0*57735:  1 :  0*40884 

'*  approximately  like  the  above. 

Monoclinic        1  0124 :  1 :  0*70715,  p  =  87''  V 
0-978   :  1:0-743     ,/3  =  87''  3^' 


t( 


i( 


ct 


i( 


i( 


CsBgls  not  measured. 

The  first  three  compounds  are  dimorphous  and,  from  solu- 
tions containing  an  excess  of  alkali  halide,  they  all  crystallize 
in  cubes.  These  sometimes  have  their  edges  truncated  by 
email  dodecahedron  faces,  less  often  beveled  by  210,  i-2.  The 
crystals  show  a  slight  action  on  polarized  light  and  give  an  ex- 
tinction parallel  to  the  diagonals  of  the  cube,  but  this  anomaly 
is  probably  due  to  some  internal  tension,  for  when  crushed 
the  fragments  are  isotropic.     No  cleavage  could  be  detected. 

CsHgCl,  was  repeatedly  recrystallized  from  water  and 
always  two  types  were  observed.  One  of  these  was  confined 
to  those  crystals  which  were  attached  to  the  sides  of  the  beaker, 
while  those  which  grew 
more  in  the  interior  had 
an  entirely  different  habit. 
The  crystals  of  the  first 
type  averaged  about  2°°" 
in  ^eatest  diameter  and 
luuithe  habit  shown  in  figs.  15  and  16.  The  forms  and  angles 
tie  as  follows : 


15. 


16. 
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1 


d  ~d,  031. 
p  .p.  111- 
p  Ay,  111. 


50  43i 


43| 


./;  awl.  M  /),  IN.  1 

UMiiirML   OlnUiM. 

a  .11,  IM.in  =SG'  4B'  GS'i&i' 

m-p,  110-IM  =71    3.1i  11  1! 

p   -i  111-021  =  36    84  3fl  H 

a  .c,   101)-  101  =£4    42i  M  (1 

a   -/    100.  101  =  35    13  ii   131 


*  The  crystals  were  brilliant  and  gave  wonderfal  refleciioni 
The  prismatic  anpie  was  meaeuretf  repeatedly  and  found  to 
be  60°  and  the  forma  cindd  be  roferi'ed  to  the  hexagonal  BJS; 
tern,  making  the  m  and  h  faces  a  prism  of  the  first  order,  o 
and  n  a  prism  of  the  second  order  and  v  and  J  the  unit  pytt- 
inid.  Tiierc  was  nothing,  Jiowever,  in  tLe  develojunent  uf  the 
facee  to  snggeet  hexagonal  symmetry.  Thin  sections  wen 
prepared,  hoping  that  the  optical  pi-operties  wonld  throw  bohw 
light  upon  the  form,  but  they  showed  only  a  very  weak 
dciiihle  refraction,  in  fact  they  appeared  almost  like  isitropic 
sections,  so  that  nii  E.itisfactory  conclusions  could  be  drawn. 

The  crystals  of  the  second  type  were  enear-head  shaped,  %. 
IT,  and  grew  out  into  the  center  nf  the  solution,  cither  attachra 
to  one  another  by  the  acute  solid  arieles,  or  to  a  slender,  panl- 
lel  growth  of  crystals,  which  served  as  a  sort  of  stem.  Tiir 
crystals  which  are  about  h""  in  length  are  complicated  and  per- 
plexing, and  the  faces  are  developed  with  triciinie  gymmelrj, 
although  they  can  be  referred  to  the  axea  of  the  first  trpfc 
The  nioet  prominent  faces  iire  shown  in  the  figure,  while  the 
distribution  of  all  those  which  gave  distinct  reflections  are 
given  in  the  spherical  projection,  fig.  18.  The  forms  which 
were  observed  are  given  as  if  they  belonged  to  a  triciinie  ervs- 
tal  and  are : 
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)  crystals  gave  excelle,nt  reflections  and  only  occasionally 
it  striation  interfered  with  making  accurate  measure- 
.  All  of  the  forms  were  observed  on  two  crystals  and 
bly  others  could  have  been  found  by  measuring  a  larger 
er. 

J  crystals  of  CsHgClBr,  have  a  similar  habit,  fig.  19,  and 
stribution  of  all  of  the  faces  which  gave  distinct  reflec- 
is  given  in  the  spherical  projection,  hg.  20.  This  salt  is 
insoluble  than  the  chloride  and  the  crystals  are  conse- 
ly  much  smaller,  not  over  1^"™  in  greatest  diameter. 
:  the  forms  given  above  for  the  chloride  were  observed 
t  z  and  v^  and  in  addition  : 

'2-1        p"\  111,  a  r'',  131,  3-5,  u%  171,,  7-7  t,  2157,  '^-l 

)  crystals  gave  very  good  reflections,  considering  their 
.nd  the  best  measurements  agreed  so  well  with  tliose  of 
iloride  that  no  attempt  was  made  to  calculate  a  new  axial 
The  most  marked  difference  in  the  two  salts  is  the 
>pment  of  the  zone  p"  z"  q"^  y'"  in  the  chloride  and  r" 
^ftf  p'"  f  in  the  chlorobromide. 
\  measured  and  calculated  angles  are  as  follows : 


CsHga, 

CsHgClBr, 

Calculated, 

-/, 

ll0>. 

201 

44  45^ 

45" 

(y' 

44*  58i^ 

^Vy 

201  ^ 

111 

26  35 

26 

27 

26  34i 

^?» 

111^ 

132 

18  27 

18 

34 

18  27 

-d, 

132^ 

021 

18  26 

18 

23 

18  27 

^r, 

021^ 

I3l 

26  44 

26 

26 

26  34i 

^r, 

1161  >. 

131 

33  40 

33 

20 

33  40^ 

^r, 

191  .. 

I3l 

26  'A^ 

26 

27 

26  33 

>sr. 

T7l>s 

131 

21 

35 

21  47i 

-p;, 

I31  ^ 

III 

26  33 

26 

37 

26  34i 

^P'l 

in  .s 

III 

36  524 

36 

37 

36  54 

Ar'. 

olo^ 

l3l 

44  44 

44  58 

-/'^ 

755  ^ 

132 

22  13 

22  13 

^p\ 

i97^ 

111 

28  38 

28  35 

m 
^P    . 

132  >v 

III 

50  54 

60  49 

^q. 

7§5^ 

132 

62  29i 

62 

22 

62  28^ 

A.V, 

III.S 

11:11 

60  46 

60  45 

^v, 

11 1  ^ 

Il31 

66  53 

66  59 

^P"% 

201a 

111 

26 

38 

26  34  i 

-/'', 

III  A 

1.H2 

18 

23 

18  27 

-dT, 

132  .s 

Oh 

18 

34 

18  27 

acT, 

2l27>^ 

021 

10 

13 

10  19 

^  w. 

132  A 

l91 

50  59 

51 

4 

:»(i   46 

132^ 

ill 

50 

50 

50  49 

132^ 

132 

60   3 

60   4 

rill  be  seen  from  the  spherical  projection  that  the  forms 
BgClBr,  lie  mostly  in  three  zones,  suggefttive  of  hexag- 
hombohedral  symmetry,  although  there  xn  nothing  in 
rangement  of  the  facen.  and  still  less  with  Cf^lIgCI^,  to 
te  &at  this  is  correct     The  crystals  of  CsIlgCll^,  liave 
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a.  Bligbtly  etronger  action  on  polarized  light  titan  those  of 
CsHgCI,.  When  lying  on  the  large  y  faces,  both  ahow  au 
extinction  parallel  to  the  edges  between  jj,  q  and  d. 

On  a  crystal  of  CsHgOl,  the  facee  in  the  zwiie  »,  y,  ii,t 
made  prisms,  which  served  for  the  determination  of  the  follow- 
indices  of  refraction. 

PriBni  of  36'  6i'.  OJl  «  iJJ,  o,  ,,  Na  linnifl  =  MSI       n.  ..  Li  fimue  =  1 119 


Tlie  crystal  was  of  course  very  small  and  the  refracted  nij8 
rere  well  defined  isA 
>ngh  to  separate  then 


were  not   very  bright,   but  the  latter  were  well  defined  isA 
the  double  refraction  was  not  strong  t  ' 


into  two  distinct  rays. 

The  author  cannot  give  any  ealisfactory  explanation  of  tbe« 
curions  forms.  They  seem  to  illustrate  a  tetartohedral  devel- 
opment of  the  faces  of  an  orthorhombio  crvatal,  resulting  in  > 
figure  with  trioHnic  symmetry.  The  mat^iematical  relations 
have  been  very  carefully  determined  and  the  facts  given.  Il 
is  hoped  that  a  furthiT  study  will  throw  some  light  on  llifl 
Biibject. 

The  different  oropB  of  CsHgBr,  which  were  examineil 
showed  a  variety  of  habits,  represented  by  figs,  21,  22  and  23. 

31. 


The  forms  and  nnglee  are  as  follows  : 


(■-<■,     OiJlAl'(tl=     52    2St     sa'  anf  *   -ii,    2iH-92I=     3H     16     JS   *H 

f,o,    mil  .  Ill  =    4B    id        15-19  e   ^%    101  -  261  =     07     21     BT   !3 

The  crystals  are  seldom  over  5°"°  in  diameter  and  ftometiinffi 
have  a  hemimorphie  ilevelopment,  although  this  is  not  always 
apparent.  In  the  prevailing  type,  iig.  22,  there  is  perhspsi 
tendency  for  221  to  predominate  over  23l  bat  this  is  not 
great.  The  pyramids  x  and  y  were  observed  only  with  hemi- 
morphie doveJopnient,  tig.  '&.  The  crystals  were  tested  for 
pyro-electricity    but    no   satisfactory   results    were   obtained. 
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which  Ib  perhaps  owing  to  their  small  size. 
The  crystals  of  OsHffBrI,  were  about  2"" 
in  diameter  and  had  the  habit  shown  in  fig.    \_^ 
24,  which  is  quite  different  from  that  of  the 
bromide.     Tne  forms  and  angles  are  as  follows : 


2i. 


&,  010,  i^ 


c,  001,  0 


I  320,  i-i 


5,  034,  f^ 


MeMored. 
l^l,  320 /^  320  =  *66*'  8' 
5>w9,010aOH4  =  *60    54 


MeMared.   Calculated. 

Us,  320/^034  =*12*'  22' 

/a 5,320^034=    76    16       76**  50' 


The  basal  planes  were  curved  and  uneven  so  that  no  satis- 
factory measurements  could  be  made  from  them,  and  the 
other  faces,  although  bright,  did  not  give  very  satisfactory 
reflections.  The  crystals  show  in  convergent  polarized  light 
an  optical  axis,  almost  normal  to  the  base,  the  plane  of  the 
optical  axes  being  the  clinopinacoid. 

Type2:S, 

a  :  b :     c 
Cs,Hg,Ts.     Monoclinic,  homihedral.      03438 :  1 :  03544,  /3  =  71°  55^' 

26.  26. 


27. 


The  crystals  of  this  salt  have  a  curious  development. 
Some  of  the  most  conspicuous  forms  are  triangular  plates,  fig. 
25,  while  fig.  26  is  a  projection  of  the  same  upon  the  clino- 
pinacoid. These  crystals  are  terminated  above  by  a  basal 
plane  and  below  by  pyramidal  faces,  which  gives  a  curious 
nemimor'phic  development  in  the  direction  of  the  sym- 
metry plane.  A  variety  of  habits  was  observed,  long  pris- 
matic, skeleton  forms  and  simple  shapes  like  fig.  27,  but  in 
almost  all  of  these  the  hemihedral  character  was  prominent. 
The  crystals  frequently  measured  over  10"°"  in  greatest  diam- 
eter. The  faces  were  bright  and  gave  excellent  reflections. 
The  forms  and  angles  are  as  follows  : 


6,  010,  i-i 


c,  001,  0 


7n,  110,  / 


p,  111,  1 


The  pyramid  was  observed  only  with  hemihedral  develop- 
ment. 


Measured. 
c  ^ffh  001  A  110  =  ♦72*'  61' 
m^m,  110AliO  =  *36    12 


m^p,  110a  UT 
b  Ap,  010  A  IK 


Measured.   Calculated. 
:  ♦50*^  26' 
74    17         74^  14' 


I 
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Two  cleavages  wure  observed,  one  perfect  piirallel  to  the 
clinopinacoid,  a  second  lees  perfect  parallel  to  the  base.  In 
polanziMl  light  cliDopinacoid  tables  give  an  extinction,  iocliiied 
about  23°  to  the  vertical  axis  in  the  acnte  angle  ,3.  Bassi 
plates  ehow  in  convergent  light  an  optical  axis  not  far  removed 
Irom  the  center  of  the  field.  The  plane  of  the  optical  axes  if 
the  clinopinacoid. 

These  crystals  furnish  an  excellent  illustration  of  inclined 
faced  hemihedrisin,  as  recently  developed  by  Prof.  Geo.  H. 
Williams,*  who  has  shown  that  it  is  of  freqnent  occurrence 
on  pyroxene. 

TKP*  / ;  *. 

-1      .■(.;      f 
CeHe.CJ,.       UoDOUliuIc         I  0093;  I:  l'3£Se,  JJ  =  IS'  W 
CaHgiClBr,    Orxhorlionibio   0-0*8   :1:    

CsHg.Br,  ■■  0-BBO   :1:  1'16 

CaBgiU,  Dot  measured. 

CsIIgjOl,  wae  rniidt.'    in    slender  lath-shaped   crystals,  over 
10°""  long  in  tlie 
^^'  '^^-  direction  of  the 

symmetry  axis 
hot  not  over  J™ 
in  diameter. 
Fig.  28  repre- 
sents a  simple,  and  29  a  twin  crystal,  with  the  orthopinacoiil 
as  twinning  plane.     The  forms  and  angles  are  as  follows : 

a,    100.  J-.;  ,;,■  OOi,    0  d.   Oil,    I-i 

i,   010,   i-i  m,  no,   /  ;),   111.  -1 

Two  ortliodomes  were  also  identified,  iOl  and  201,  but  tliev 
were  very  small  and  yielded  only  approximate  measnreineiit!?. 


ii„m.  100.^I10=•67  40         m.p,  110.111  =  31  12    31   ^ 

c  „'/,  Ii01.,0n=*a2  31         o  -ji,  100.111  =  58  4    53   3 

b   .)!,  010. Ill  =47  19    47  19 

The  piano  of  the  optical  axes  is  at  right  angles  to  the  syin- 
riietry  |)laiie  and  the  obtuse  bisectrix  is  nearly  normal 
to  the  haBc. 

Both  CsIIgjCIBr,  and  CsHgBr,  were  made  Id 
rectangiihir  tahietB,  tig.  30,  which  were  not  orer 
li"""  in  greatest  diameter  and  were  very  thin.  Twins 
were  common,  with  the  unit  prism  as  twinninjr 
plane,  and  the  plates  often  penetrated  at  angles  of 
about  r.(i°  and  120°,  reminding  one  of  little  cerussite 
twins. 

»  ThiB  ,Tournfl),  isxviii,  p.  115.  1889. 


^      I 


J 


^ 


m 


m 
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The  forms  and  angles  are  as  follows : 

CsHgaClBr*  CsHgaBr. 

6,   010,  i\  6,  010,  i-\ 

7)1,  110,  /  «,  120,  i-2 

d,  on,  1-1  d,  Oil,  i-\ 

c,  014,  l'\ 

Measured.   Calculated.  Measured.   Calculated. 

TOAm,  110^110=  ♦60' 44'  6  A  6,      twin       = 'sr  6' 

5  A  6,       twin      =    60    35       60M4'        6  a  d,  010  a  Oil  =  »4l    0 

6aW,  010  a  12C  =    40    20     40"  17' 
h^e,  010a014=    73    25     73    57 

Type  1:5. 

a     :    h    :    c  31. 

CsHgaa,,,       Monoclinic   07233  :  1  :  0*4676    /?  =  85"  51'  40'  ,--f^ 

CsHgftClBrio  "  0-7111  :  1  :  0*4561     i3  =  85   29  r  c     -^ 

The  chloride  was  made  in  prismatic  crystals,  fully 
IQmm  long,  and  having  the  habit  shown  in  fig.  31. 
The  forms  and  angles  are  as  follows : 

fw,  no,  /  d,  on.  \'%  e,  101,  l-i  /,  101,  -l-l 

The  dome/*  was  usually  wanting. 

Measured.  Calculated.  Measured.  Calculated. 

wiaW,  nOAll0  =  *7r  37'  m^d,  110  a  Oil  =  72=^  31'      72"  31'^ 

</  .sd,   Oil  aOTI  =  *50    0  ?«Arf,  llO^sOll  =78    49       78    48 

mAe,    liOAl01=*66    8  d  ^f,  Oil  .s  101  =  39    30       39    29^ 

d  ^e,    01 1  A  101=    4121     41°  20^'  e  /f,  101  a  101  z=  65    43       65    42 

The  chlorobromide  CsHg^ClBr,,  is  much 
more  insoluble  than  the  chloride  and  was 
made  in  crystals,  which  were  not  over  J"*"" 
in  greatest  diameter.  The  habit  is  shown 
in  fig.  32  and  is  very  different  from  that  of 
the  chloride.     The  K)rm8  and  angles  are  as  follows : 

tn,  no,  /  d,  on,  i-t  (5,  101,  i-i 

Measured.  Measured.  Calculated. 

WAWi,   110a1I0=:*70°40'  d  a  e.  Oil  a  lOl  =  *40°  58' 

<f  ^  d,  OIIaOII  =*48    54  rwAflf,   IIOaOII  =    72     40      72^40' 

The  crystals  are  strongly  double  refracting  and  the  little 
tables  show  in  convergent  polarized  light  a  bisectrix  nearly 
normal  to  e.  The  plane  oi  the  optical  axes  is  the  clinopina- 
coid  and  the  optical  axial  angle  is  small.  The  interference 
phenomena  are  very  interesting  when  observed  through  colored 
glasses.  In  the  hyperbola  position  the  figure  is  almost  uni- 
axial when  viewed  through  red  glass,  while  with  blue  the 
hyperbolae  are  separated,  probably  as  much  as  15°-20°. 

Sheffield  Scientific  School,  New  Haven,  June,  1891. 
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Art,  WA. — On  iSihsr   /lejm^iulphate ;  by  M,  Carey  Lea. 

TilK  existence  of  those  Bubetances  which  I  described  some 
years  ago  nnder  the  name  of  photosults  of  silver*  necessanly 
implied  tlie  exirituiice  uf  the  beuiihaloidd  of  silver  also,  a« 
these  latter  entered  iuto  tho  uoni position  of  the  photosalts. 
Similar  inferences,  tlioiifrh  less  dehnite,  hud  long  been  drawn 
from  the  action  of  ligJit  on  silver  haloids.  Two  of  these,  the 
chloride  and  bromide,  lost  by  the  action  of  light  their  com- 
plete solubility  in  ammonia  withont  becoming  completely  sol- 
uble in  nitric  acid.  Evidently  there  was  indicatea  an  inter- 
mediate compound  between  the  normal  haloid  and  metallic 
silver.  During  the  laet  ten  or  twelve  years  I  have  devoted 
much  time  to  tlie  attempt  to  isolate  these  lower  compounds  of 
silver  and  to  gain  some  certain  knowledge  m  to  the  hemioxi<ie, 
whose  existence  seemed  almost  a  ueceeeary  inference  from  that 
of  the  lieniibaloids.  Some  eight  years  ago,  I  obtained  a  sub- 
stance having  all  the  properties  which  one  wonid  he  diiiposed 
to  ascribe  to  Ag,Ct  and  a  large  number  of  analyses  made 
seemed  to  contirm  the  view.  I  hesitated,  however,  to  publish 
a  description  of  it,  not  feeling  entire  certainty  that  it  might 
not  be  a  mixture,  ae  to  which  a  concordance  of  the  proportions 
foand  of  Ag  and  01  with  theory  eives  no  snfficient  infonna- 
tion.  Since  then  M.  Guntz  has  described  a  snbchloride  ob- 
tained by  acting  on  silver  hemifluoride  with  phospborns  penta- 
ciilwide  and  a  lLemio.\idL'  (.li.'rLV(.'d  h-i.nii  it.  Up  to  the  prt-aeiit 
time  no  combination  of  silver  hemioxide  with  an  oxyacid  has 
been  known. 

Such  a  combination  I  have  been  able  to  obtiin  as  a  double 
salt  of  heinisulpliate  and  normal  sulphate  containing  one  mole- 
cule of  each.  The  new  salt  has  a  light  bright  brown  color,  and 
exhibits  a  stability  which  in  view  of  its  composition,  is  some- 
thing remarkable.  It  has  no  tendency  either  to  oxidation  or 
to  reduction,  Xitric  acid,  unless  very  strong,  has  but  little 
action  npon  it  Acid  of  r+2  poured  over  it  in  large  excess 
and  let  stand  for  several  days  gradually  dissolves  it  completeb, 
but  the  Siime  acid  diluted  with  with  two  or  three  times  it^  vol- 
ume of  water  has  so  'little  action  that  it  forms  a  convenient 
means  of  purification.  On  the  other  hand,  ferrous  snlphaie 
whicli  instantly  reduces  argentic  sulphate  has  no  action  what- 
ever on  the  new  substance  even  with  several  days'  contact 
Hot  strong  sulphuric  acid  has  no  action.  It  might  almost  1* 
expected  that  nnder  its  iiiducnoo,  the  aryjentous  salt  would 
gnidiially  take  up  oxygen  .ind  be  converted  into  argentic  eul- 
•  This  Journal,  uiiii,  ilny  nad  June,  1887. 
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phate.  But  a  specimen  which  was  covered  with  a  large  excess 
of  undiluted  sulphuric  acid  in  a  flask  and  was  kept  under  boil- 
ing water  for  ten  hours  was  not  altered  thereby.  Another 
strong  proof  of  its  stability  is  found  in  its  resistance  to  heat. 

The  application  of  heat  produces  a  somewhat  curious  suc- 
cession of  colors.  The  terra  cotta  or  warm  brown  shade  of 
the  moist  substance  changes  by  drying  above  lOO*'  to  pale 
lilac,  at  165^-170®  it  becomes  grayish,  at  a  somewhat  higher 
temperature,  yellowish  green.  Considerably  below  red  heat  it 
acquires  a  fine  ruby  red  color.  In  cooling,  this  red  darkens 
almost  to  black,  then  l^ecomes  lighter  again  and  when  cold  the 
color  is  light  olive-green.  The  changes  are  repeated  as  often 
as  the  substance  is  heated  and  cooled.  No  sulphuric  acid 
vapors  are  disengaged  even  at  a  low  red  heat. 

It  was  mentioned  in  a  previous  paper  that  when  silver 
nitrate  is  reduced  by  solutions  of  phosphorous  or  hypophos- 
phorous  acid  or  by  acidified  solutions  of  their  alkaline  salts, 
transient  colorations  were  produced  that  seemed  to  suggest  the 
presence  of  some  form  of  allotropic  silver.  Since  that  paper 
was  published  this  reaction  has  been  taken  up  for  further 
study.  It  soon  appeared  that  when  the  silver  salt  was  treated 
with  a  solution  of  alkaline  hypophosphite,  acidified  with  sul- 
phuric acid,  the  result  obtained  was  entirely  diflferent  from 
that  which  presented  itself  under  any  other  circumstances. 
It  became  clear  that  sulphuric  acid  did  not  act  solely  by  setting 
free  the  hypophosphorous  acid,  but  also  acted  on  the  silver 
with  formation  of  a  double  sulphate. 

A  remarkable  though  limited  analogy  here  presents  itself 
between  the  substance  just  described  and  the  photosalts  of 
silver.  The  silver  hemihaloids  are  very  unstable  substances, 
but  acquire  stability  by  uniting  with  the  normal  haloids.  In 
the  same  way  the  hemisnlphate,  which  is  not  known  to  be 
capable  of  separate  existence,  becomes  perfectly  stable  by 
union  with  the  normal  sulphate.  The  limitation  to  this 
analogy  lies  in  the  fact  that  the  last  mentioned  combination 
occurs  in  definite  proportions,  which  does  not  seem  to  be  the 
case  with  the  halogen  compounds. 

The  new  substance  then  is  formed  by  the  joint  action  of 
sulphuric  and  hypophosphorous  acid  on  a  silver  salt.  Hvpo- 
phosphorous  acid  has  but  little  action  on  silver  sulphate 
already  precipitated,  but  it  is  diflferent  when  the  silver  sulphate 
is  formed  in  presence  of  hypophosphorous  acid. 

Several  silver  salts  may  be  used.  I  have  at  diflEerent  times 
employed  the  nitrate,  phosphate  and  carbonate.  The  latter  is 
pernaps  the  best,  because  the  action  with  the  nitrate  is  too 
rapid,  and  with  the  phosphate,  too  slow,  and  for  other  reasons. 
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A  weiglied  (jnantitj  of  silver  nitrate  is  precipitated  with  an 
excess  of  alkaliiie  carbonate  and  witehed.  The  carbonate,  is 
well  as  all  the  other  reagents  employed  innst  be  absolatelv  free 
from  chlorides,  otherwise  the  product  becomes  contain  mated 
with  silver  chloride  which  eannot  be  removed.  The  silver 
carbonate  is  then  treated  with  a  solution  of  alkaline  hypopho?- 
phite  acidified  with  snjphuric  acid.  All  the  alkaline  hypo- 
phosphite  of  commerce  contains  innch  more  than  a  trace  of 
chloride:  this  is  best  ^ot  rid  of  by  adding  to  it£  aolntioo  a 
little  aolation  of  silver  nitrate,  etirring  well  at  inlervule,  letting 
stand  for  twenty-four  hours  and  filteriui;.  This  filtrate  witli 
addition  of  sulphuric  acid  is  to  be  poured  over  the  moist  silver 
carbonate  and  constantly  stirred.  The  reaction  ia  complete  iu 
twenty  or  twenty-tive  niinutea,  when  a  bluish-black  film  of 
reduced  silver  begins  to  form  on  the  surface.  Farther  ac- 
tion ie  then  cnt  short  by  nentralizing  the  liquid  with  alkaline 
carbonate.  The  precipitate  is  next  to  be  washed  several  times 
by  docantation.  Very  pnre  distilled  water  is,  of  course,  needed 
throughout. 

Convenient  proportions  are :  40  grams  silver  nitrate  pre- 
cipitated with  excess  of  alkaline  carbonate.  Of  sodium  hypo- 
phoBpliite,  100  grams,  dissolved  in  G5U  o.  c.  of  water  are 
treated  with  a  tittle  silver  nitrate,  and  after  standing  and  tilter- 
ing,  4  c.  e.  of  sulphuric  acid  are  tu  be  added  and  the  li<iaid 
poured  over  the  stiver  carlKinate.  After  a  few  minutes,  Sec 
more  of  sulphuric  acid,  diluted  with  a  little  water,  are  added 
by  degrees.  With  this  second  quantity  of  sulphuric  aeid  tlic 
chiiniotcristic  reddish-brown  color  of  tiif  substance  tirst  a[i- 
pears. 

This  process  may  be  varied  by  precipitating  with  disodlc 
phosphate  (which  must  be  perfectly  free  from  chloride)  instead 
of  alkaline  Ciirhonate.  The  action  is  much  slower,  about  t^ 
hours  being  needed.  Silver  nitrate  itself  may  be  used,  hut 
the  action  is  too  rapid  and  the  product  is  less  in  quantity. 

The  crude  product  obtained  in  either  way  is  to  be  pnrifieii 
witli  nitric  acid.  Acid  of  1'42  is  diluted  with  three  times  itf 
volume  "f  water,  and  of  this  dilute  acid  a  quantity  is  taken 
about  double  in  volume  to  that  of  the  precipitate  and  of  tbe 
water  left  after  decanting  closely.  After  a  time  some  efferves- 
cence takes  place,  but  the  mixture  does  not  Income  warm. 
After  standing  for  three  or  four  hours  over  the  precipitate,  it 
is  to  Ije  poured  off  and  the  precipitate  washed.  This  treat- 
ment witli  acid  is  applied  three  times:  thetirst  removes  a  gooJ 
deal  of  silver,  the  second  a  little,  the  third  a  trace.  Each  time 
the  iicid  is  left  three  or  four  hours  in  contact.  The  product  is 
tlien  washed  by  pouring  on  it  a  large  quantity  of  boiling 
water.     This  is  repeated  four  or  live  times,  each  time  (except 
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the  first)  placing  the  vessel  in  a  water  bath  kept  at  100**  0.  for 
several  honrs. 

The  product  is  either  dried  in  the  air  or  (for  analysis)  at 
100**  0.  It  forms  a  bright  brown  substance,  permanent  in  the 
air,  changing  to  violet  when  kept  for  some  time  at  160°  C. 
It  has  the  peculiarity  that  when  water  is  poured  on  it,  it  makes 
a  sharp  hissing  noise.  This  takes  place  with  the  air-dried  sub- 
stance as  well  as  that  dried  at  higher  temperatures  and  as  much 
with  the  former  as  with  the  latter. 

The  substance  after  puriiScation  has  about  one-half  the 
w^ht  of  the  silver  nitrate  taken. 

Tliese  proportions  and  this  mode  of  operating  are  those  that 
I  have  found  to  give  the  best  result.  But  the  substance  is 
formed  under  a  great  variety  of  conditions.  It  seems  impos- 
sible to  bring  a  silver  salt  into  contact  with  alkaline  hypophos- 
f)hite  acidified  with  sulphuric  acid  without  producing  more  or 
ess  of  it.  Its  presence  is  often  completely  obscured  by  re- 
duced silver.  But  a  mass  which  looks  perfectly  black  and 
might  be  supposed  to  contain  nothing  but  metallic  silver  will 
leave,  when  treated  with  nitric  acid,  a  bright  brown  residue  of 
the  double  sulphate.  We  have  here,  as  before,  an  analogy 
with  the  photosalts.  For  it  wilf  often  happen  that  a  blackish 
mass,  containing  metallic  silver  and  mixed  or  combined  silver 
chlorides  will,  when  treated  with  nitric  acid,  resolve  itself 
into  bricrht  purple  or  rose  colored  photochloride. 

All  the  specimens  of  this  new  substance  contain  a  little 
phosphoric  acid  which  cannot  be  removed.  Beckoned  as 
phosphoric  anhydride  it  amounts  to  a  little  over  two  per  cent. 
Three  determinations  gave  respectively,  230 ;  209 ;  2*18,  mean 
219. 

It  is  apparently  united  with  silver  and  this  silver  phosphate 
is  united  so  firmly  with  the  double  sulphate  that  it  cannot  be 
detached.  If  it  were  not  so  united  it  would  be  dissolved  in 
the  nitric  acid  with  which  the  substance  is  three  times  treated 
if  it  were  normal  phosphate,  and  if  it  were  hemiphosphate  it 
would  be  converted  (if  in  a  free  state)  to  normal  phosphate 
and  dissolved. 

Another  attempt  to  remove  this  phosphate  was  made  by 
heating  the  substance  with  sulphuric  acid  to  100°  0.  for  ten 
hours,  followed  by  copious  treatment  with  boiling  distilled 
water  to  wash  out  the  sulphate  which  it  was  hoped  would  be 
formed  at  the  expense  of  the  phosphate.  It  seems  difficult  to 
believe  that  a  silver  phosphate  could  resist  this  treatment,  but 
a  quantitative  determination  showed  that  the  proportion  of 
phosphoric  anhydride  is  not  even  diminished  by  it. 

Other  modes  of  formation  than  those  described  here  were 
experimented  on  with  the  view  of  obtaining  the  substance 
free  from  phosphate,  but  without  good  result. 
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It  U  possible  that  the  eilver  phosphate  may  be  combined  in 
definite  proportions  and  the  approach  to  uniformity  of  oom- 
position  somewhat  favors  this  idea.  Biit  Buch  ti  view  would 
require  the  assumption  of  a  large,  perhiips  too  large  a  molecule. 


A.  Material   prepared  froin   biIv 
lOO'"-  c. 
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The  detemii nations  of  phosphoric  and  of  sulphuric  anhy- 
dride are  placed  opposite  the  silver  determinations  to  which 
they  belong.     The  oxygon  determiuations  arc  distinct. 

Tile  most  reasonable  interpretation  of  these  results  is  that 
we  have  to  fio  with  11  double  sulphate  of  silver  hemioxide  and 
protoxide  in  which  a  jKU-tion  of  tlie  snlpbnric  acid  is  replaced 
by  ]diospliuric.  The  proijortion  of  phosphoric  acid  seems  to 
he  nearly  constant,  three  concordant  analyses  having  {riven 
,2-09,  L>-86.  and  2-18,  with  a  mean  of  2-19.  'These  proportions 
may  be  expressed  by  the  fornmla 


7(Ag.S(),Ag,S0.II,O)  +  Ag.PO,Ag,PO.. 


The   comparisoi 
follows : 


of  this  formula  with   results  obtained  i 
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Calculated.         Found  (Blean). 

Aj?. 78-r9  70-44 

SO 1567  16-33 

P,0, 1-98  2-19 

0 3-80  3-29 

H,0 J-76  1-78 

100-00  100-03 

This  larffe  molecule  results  from  the  relatively  small  propor- 
ion  of  P,Oj,  and  although  the  figures  obtained  for  phosphoric 
inhydride  are  very  concordant,  it  perhaps  is  better  to  consider 
he  substance  as  a  double  sulphate  in  which  part  of  the  sulphuric 
icid  is  liable  to  be  substituted  by  phosphoric.  If  the  silver 
)hosphate  is  taken  as  adventitious,  the  formula  becomes  sim- 
ply Ag,SO„  Ag,SO  ,  H,0. 

Decompositions. — The  action  of  alkaline  hydroxides  is  con- 
irmatory  of  the  above  conclusions,  and  also  offers  further 
3roof  of  the  great  stability  of  the  substance. 

When  the  double  salt  is  placed  in  contact  with  excess  of 
lilutc  sodium  hydroxide  it  blackens,  being  converted  into  a 
nixtnre  of  the  hemioxide  which  is  intensely  black,  and  the 
lormal  oxide.  This  decomposition,  however,  takes  place 
nuch  moi-e  slowly  than  with  the  salts  of  the  protoxide,  so  that 
unless  heat  has  been  applied),  if  after  ten  or  fifteen  minutes 
the  alkali  is  poured  on  and  the  oxides  are  dissolved  with 
dilute  nitric  or  sulphuric  acid  a  considerable  residue  is  found 
of  the  red-brown  double  salt  which  has  escaped  decomposition. 

With  continued  treatment  with  sodium  hydroxide  (that 
obtained  from  metallic  sodium  was  used  as  being  absolutely 
free  from  chlorine,  the  decomposition  is  complete. 

The  oxide  thus  precipitated  was  thoroughly  dried  at  160°- 
170*^  C,  weighed  and  ignited.  Five  determinations  of  oxygen 
from  various  specimens  gave  4*73  ;  4'63,  and  again  4*24 ;  4-19 ; 
417  per  cent  of  oxygen  respectively.  A  salt  with  the  consti- 
tution already  described  should  yield  one  molecule  each  of 
hemioxide  and  of  normal  oxide,  and  this  mixed  oxide  should 
contain  4*68  per  cent  of  oxygen.     We  have  then : 

Mean  of  5 
determinationfl.      Calculated. 

Oxygen  per  cent 4-39  4*68 

The  double  salt  is  more  readily  decomposed  by  hydro- 
chloric and  hydrobromic  acid  or  even  by  alkaline  chlorides  or 
bromides.  Under  their  action  it  instantly  blackens.  That 
^rt  of  the  silver  that  exists  in  the  form  of  hemisulphate  is 
On  verted  into  black  hemichloride  or  hemibromide.  The 
Ureme  instability  of  these  bemihaloids  causes  them  sponta- 
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ueoualy  to  resolve  themselves  into  metal  and  normal  haloid. 
Tliey  rarely  remain  aa  hemilialoid  for  more  than  an  hour  tir 
two.  and  often  for  nuiuh  k-es  time.  The  change  is  of'en  4]uite 
sodden  and  ie  easily  observed  by  the  alteration  of  color,  tlie 
black  of  the  hemihaloid  mBsini^  into  the  metallic  pray  color 
belonging  to  a  tni.tlure  of  normal  haloid  with  metallic  BJlccr. 
The  liemibromide  seeine  to  bu  a  little  less  unetuble  tliun  t!ie 
heinichloride. 

This  instability  does  not  render  an  analysig  impo^aihle  since 
both  the  products  of  the  change  are  anBoluble;  but  renders  it 
somewhat  more  diUicnlt,  as  the  freshly  formed  eilver  haloid 
tends  to  run  through  a  filter.  Sometimes  indeed  it  ecemNW 
if  traces  of  the  silver  chloride  were  for  a  few  moments  ?olul^ 
in  water  with  a  yellow  coloration.  The  appearance  of  this 
yellow  color  in  the  water  is  ant  to  bo  the  nrst  indication  uf 
the  splitting  up  of  the  liemieliloride. 

Two  analyses  were  made,  one  of  material  obtained  by  acting 
on  the  brown  salt  with  dilute  hydrochloric  acid;  tiiis  con- 
tained Sl'Ty  per  cent  of  silver,  Ouc  by  dccompoeiug  it  witli 
sodium  chloride  ;  this  gave  8r9S  per  cent  A  snbstanw'  liar- 
ing  the  formula  already  ^iven  should,  by  conversion  into 
chloride,  give  a  mixture  in  which  two-thirds  of  the  silver 
bhould  exist  as  hemichloride,  and  oiiu-third  b&  normal  cbloritlft 
We  have  then — 


Ay  i>i;ri-eiit-.   8l-7;i  BVW  Bl-86  83'-35 

a  result  snftieiently  close  to  afford  a  oonfirmation  of  the  con- 
stihition  apsimied. 

When  the  brown  salt  is  decomposed  with  dilute  hydro- 
brornic  acid  or  an  alkaline  brouiide,  a  corresponding  result  ii 
obtained.  By  treatment  with  hydrobromic  acid  a  mixed 
bmmidc!  resulted  which  proved  to  contain  6fi06  per  cent  of 
silver. 

A  general  eonsidemtion  of  all  the  reactions  which  I  lisve 
obiained  scouis  to  indicate  thnr  the  action  of  sulphuric  acid 
;ind  stulinm  liypopluwpliite  on  silver  carbonate  does  not 
li«;ui  diivi'lly  to  tliv  iiroductiun  of  the  double  salt  which  I 
liavr  di'M'rii'i'ii.  Imi  l!i:ii  (111-  hi'iiiisatt  i)-  jirodiiced  in  cxces, 
oUi'ii  111  1.11'-,'  c\,'i>^- :  th.it  tho  Tiitrii'  ;u'iii  oxidizes  this  e\i-e*«. 
Wiiv^  '.My  lo  :itla.'k  the />-,  liumiPiilf.  but  not  that  (wrtiwi 
nljii'li  i- I'OHihiiii'il  wiiii  5>i<'r.i-:ilt  and  sti  rendered  staliK'.  Ii 
t'olliiw-  rlijii  \vlMti'\'.T  li;i!^  bvcd  liic  original  rehitivt'  propor- 
iJMii  !>t'Mu'i'!i  !l;^'  two  .:i!r-  tlif  Kirn*"  trcirmeitt  leaves  al(r,i?j 
o,„.  ui..!o'ulo  of  o.u'li.  It"  ir  w,.iv  possible  to  control  ilic 
roi-in;i(ion  it  i>  !!,■[  iiu|>i-oIm!.1,'  tii;it  Li  pure  heniisnlphaic  mi,i;lit 
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other  facts  of  interest  and  importance.     It  would  appear,  at 

sight,  that  a  large  namber  of  new  genera  are  proposed,  and 

\  most  of  the  old  familiar  genera  are  present  under  unfamiliar 

les,  but  a  closer  inspection  shows  that  the  number  of  actual 

names  is  few.     The  others  are  rehabilitated  terms,  nearly 

;ottcn  since  their  origin,  and  now  re-defincd  and  applied  to 

inct  groups  of  forms  or  types  of  structure.     Thus  the  subject 

been  simplified  by  breaking  up  many  of  the  old  lieteroge- 

is  groups,  such  as  Discina  and  OrthiSy  into  clear  cut  minor 

.>ra  or  subgenera,  which  are  now  available  for  accurate  sys- 

uic  work.     The  authors  have  abstained  from  the  exact  use 

amily  or  other  taxonomic  designations  except  the  two  great 

dons  Inarticnlata  and  Articulata. 

ingula  is  the  first  genus  discussed,  but  it  is  not  necessarily 
idered  as  the  primitive  type  of  inarticulate  brachiopods. 
\  view  is  supported  by  the  geological  history,  anatomy,  and 
^lopment.  LingiileUa  and  Lingulepui  are  regarded  as  fore- 
lers  of  Lirtgula^  and  connecting  links  to  the  Obolelloid  type, 
locations  of  the  nature  of  septa  produced  by  the  deposition 
lelly  matter  about  the  muscular  and  parietal  bands  produced 
ed  genera,  such  as  Dignomia  and  Glottidia,  Special 
ires  developed  about  the  cardinal  areas  resulted  in  forms  for 
jh  the  new  generic  terms  Barroiaella  and  Tomaaina  are  pro- 

d.  Other  structures  arising  from  mechanical  necessity,  as 
elevation  of  tbe  anterior  edges  of  the  muscular  attachments 
ompensate  for  hepatic  and  ovarian  pressure  resulted  in  the 
lation  of  the  vaulted  platform  of  Lingulaama.  The  authors 
iider  this  feature  of  much  importance.  It  first  appears  in 
gulops^  and  reaches  a  higher  development  in  Lingulaama, 
ether  this  character  in  these  genera  is  in  direct  genetic  line 
Irimerellay  or  whether  it  is  a  morphological  equivalent,  may 
juestions  for  further  discussion. 

mong  Discinoid  shells  the  new  genus  Discinopais  of  Matthew 
rst  defined,  and  the  subgeneric  divisions  of  Orbiculoidea, 
lerUUa^  Lindatrceinellay  and  JRoemerella^  are  proposed,  based 
:)  the  features  of  the  pedicle  opening  and  form  of  the  ventral 

e.  Of  especial  interest  and  importance  are  the  observations 
the  development  of  the  pedicle  o])ening  in  Orbiculoidea^ 
Izocrania^  TVematiSy  and  I>i8cinisca^  showing  their  genetic 
Lions  in  that  Diacinisea  and  Orbicnloidea  pass  through 
ig  stages  comparable  with  adult  conditions  of  Schizocrania, 
esides  the  current  terms  Platystrophia^  Bilobitea,  Schizo- 
Hff.  etc.,  founded  upon  groups  which  have  been  separated 
I  Orthia^  the  authors  have  introduced  seven  new  divisions 
ing  altogether  fourteen  including  Orthis  as  restricted.     The 

names  proposed  are  :  Plectorthis^  Dinorthis^  Plcesiomi/a, 
frtelia,  SeterorthiSy  Dtdmanella,  and  Orthotlchia.  Three 
names  are  also  applied  to  forms  related  to  Clilambonites 
irthiaifia  d'Orb.) ;  viz.  JUllingaella^  Protorthis^  and  Poly- 
ia. 
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SCIENTIFIC     INTKLMGENCE. 
I.  Geolooy. 

1.  Gmtoff!/  of  the  Tni/lorBiUe  Region  of  CaliforHia  ;  lij-.I,  S. 
l)ii.LKK,  yp.  309-394  nF  ih«  Bull.  G«ol.  Sue  Amuricn,  IhOi. 

Jura  un<l  IVias  lU  Tayhrvilte,  Vafi/oriiia,  by  Alphei;!^  IItait, 
pp.  395-412,  ibid. 

In  these  two  papers  is  round  llie  first  recognilion  of  the  Lias  m 
North  America.  I'be  region  of  tliia  discovery  is  in  Plum  us  Co, 
Calirornia,  nt'iir  the  Bumniil  of  iLc  Sierra  Nevad.^,  and  is  iht 
ssme  thai  afiorded  iho  fopsil)<,  in  the  survpy  under  I'rofessor  3.  D. 
VVIiitiiey.that  were  studied  liy  Galib  and  provefl  to  rcprpMut  ik 
Upper  Triasnic  aud  the  JiirMBio  formations.  The  recent  coIIpc- 
tions  of  Professor  Hyatt  hav«  conlirmed  the  rcsnli*  of  Mr.  Gabh, 
and,  besides  adding  to  the  number  of  tapper  Triafsic  epeciM, 
have  afforded  over  40  Lia^sio,  a  largo  number  of  the  Middle  Jtin 

f  Oolite,  and  others  thai  are  referred  to  the  Callovian  and 
Corallian  of  the  Upper  Jura. 

Mr.  Diller,  from  nis  study  of  the  stratigraphy  of  the  region, 
makes  the  total  tliickness  ol  its  stratified  rocks,  exclusive  of  iha 
Uravels,  to  be  over  2*,500  feet.  Of  this  aeries,  about  I7,5ii0  »r« 
Paleozoic,  4T0O  Triassic,  460  I,ias»<io,  5S0  Middle  Jura,  and  lOOO 
Upuer  Jura — 500  of  the  last  In  eaoli  of  its  suhdi visions.  The 
rocks  are  shown  lo  be  in  ovcrthrnst  tlexures  and  npUirust  fault', 
with  the  thrust  In  each  to  the  eastward.  Mr.  Diller  find^  eri- 
dente  that  there  was  a  profound  npluriiins;  at  tbe  close  of  ih* 
Carltoiiiferous;  aiioth(?r  ftuhler  .iistiirlr.inee  alier  the  THiiwif, 
and  a  great  upturning  again  with  flexures  of  the  rocks  alter  the 
Jurassic  and  probably  immediately  following  this  perioi).  I^i) 
paper  contains  sections  illustrating  tlie  flexures  and  faults,  with  a 
full  account  of  the  strati  graphical  results  reached. 

2,  Oealogicai  Survey  of  th*  State  of  New  York.  Pairfon- 
toloffy:  Volume  VIII.  An  Introdnclion  to  the  study  of  t/ie 
genera  of  I'aheozoic  Bnichiopoda.  Part  I.  Hy  James  Hall, 
State  Geologist  and  Paleeontologist,  assisted  by  John  M. 
Clarku.  Albany,  1992,  4to,  pp.  i-xvi,  1-387,  with  39  figure!  in 
the  text  and  44  lithographic  plates. — Pan  f,  now  published, 
includes  all  the  genera  of  palteozoic  inarticulate  brachiopod!, 
together  with  the  Orthoids,  Strophomenoids,  and  Productoidsot 
the  articulate  section.  The  Terebratuloids,  Rhynchonelloids,  Pen- 
tameroids,  and  spire-bearing  forms  are  to  appear  in  a  subsequent 
volume.  Practically  this  work  fulfills  the  function  of  a  final 
arbiter  on  questions  of  generic  limitations.  Great  cure  has  been 
taken  to  investigate  type  species  and  upon  them  to  base  the 
generic  diagnoses.  The  manifest  plan  is  to  give  of  each  genoi, 
7a)  accurate  illustrations,  {b)  the  bibliography  and  synonymy, 
(c)  a  diagnosis  of  internal  and  external  characters,  (rf)  the  "type 
species,  {e)  general  observations  on  the  structure  and  affinities. 
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and  other  facts  of  interest  and  importance.  It  would  appear,  at 
£rst  sight,  that  a  large  naraber  of  new  genera  are  proposed,  and 
that  most  of  the  old  familiar  genera  are  present  under  unfamiliar 
guises,  but  a  closer  inspection  shows  that  the  number  of  actual 
new  names  is  few.  The  others  arc  rehabiliiated  terms,  nearly 
forgotten  since  their  origin,  and  now  re-detincd  and  applied  to 
distinct  groups  of  forms  or  types  of  structure.  Thus  the  subject 
has  been  simplified  by  breaking  up  many  of  the  old  heteroge- 
neous groups,  such  as  Discina  and  Orthis^  into  clear  cut  minor 
genera  or  subgenera,  which  are  now  available  for  accurate  sys- 
tematic work.  The  authors  have  abstained  from  the  exact  use 
of  family  or  other  taxonomic  designations  except  the  two  great 
divisions  Inarticnlata  and  Articulata. 

Lingula  is  the  first  genus  discussed,  but  it  is  not  necessarily 
considered  as  the  primitive  type  of  inarticulate  brachiopods. 
This  view  is  supported  by  the  geological  history,  anatomy,  and 
development.  LinguleUa  and  Linguleph  are  regarded  as  fore- 
runners of  Lingula^  and  connecting  links  to  the  Obolelloid  type. 
Modifications  of  the  nature  of  septa  produced  by  the  deposition 
of  shelly  matter  about  the  muscular  and  parietal  bands  produced 
related  genera,  such  as  Dignomia  and  Glottidia.  Special 
features  developed  about  the  cardinal  areas  resulted  in  forms  for 
which  the  new  generic  terms  Barroiadla  and  Tomasina  are  pro- 
posed. Other  structures  arising  from  mechanical  necessity,  as 
the  elevation  of  the  anterior  edges  of  the  muscular  attachments 
to  compensate  for  he])atic  and  ovarian  pressure  resulted  in  the 
formation  of  the  vaulted  platform  of  Zingulasma,  The  authors 
consider  this  feature  of  much  importance.  It  first  appears  in 
Liitgulops^  and  reaches  a  higher  development  in  Lingulaama, 
Whether  this  character  in  these  genera  is  in  direct  genetic  line 
to  Trimerella^  or  whether  it  is  a  morphological  equivalent,  may 
be  questions  for  further  discussion. 

Among  Discinoid  shells  the  new  genus  Discinopaia  of  Matthew 
M  first  defined,  and  the  subgeneric  divisions  of  Orbiculoidea^ 
(EhUrteUa^  Lindatrcemelia,  and  Rcp.merella^  are  proposed,  based 
upon  the  features  of  the  pedicle  opening  and  form  of  the  ventral 
valve.  Of  especial  interest  and  importance  are  the  observations 
on .  the  development  of  the  pedicle  opening  in  Orhiculoidea^ 
Hchizocrania^  TVematUy  and  Discinisca^  showing  their  genetic 
relations  in  that  Discinisca  and  Orbiculoidea  pass  through 
young  stages  comparable  with  adult  conditions  of  Schizocraaia. 

liesides  the  current  terms  Platystrophia^  Bilobites^  Schizo- 
fkoria,  etc.,  founded  upon  groups  which  have  been  separated 
from  Orthis^  the  authors  have  introduced  seven  new  divisions 
Baking  altogether  fourteen  including  Orthis  as  restricted.  The 
•ew  names  proposed  are  :  Plectorthis^  Dinorthis,  Flcesiomya^ 
Mebertella,  Heterorthis,  Dalmanella^  and  Orthotichia,  Tiiree 
Bew  names  are  also  applied  to  forms  related  to  Clitambonites 
(s  Orthisina  d'Orb.) ;  viz.      Billingsella,  Protorthis,  and  Poly- 
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Many  imponanl  clianges  have  been  inlrotJm-e*!  among  the 
St ropbo monoids  and  ProductoUis.  Strophotnenu  is  restored  to  tu 
originHl  ty|te  S.ruffosa  Rat^  =  Lepiwna  planum  bona  Hall.  Thb 
leaves  most  of  the  spei^k's  known  aa  Strophomena,  and  tTpiGed 
by  S.  atUriiatu,  wiiboul  a  name.  For  this  group  llis  aenw 
JiqJInetqnIua  is  proposed.  Leptvena  resls  on  its  original  sjM*iM 
L.  rhoinhoiiiulh  Wilekens,  t,y.  {=  L.  ruffosit  Dalmaii),  and  speciei 
for  many  yeai-a  passing  as  Lt'ptwna  aerkea,  Z.  tran»ver»iih.  eic, 
now  fall  under  Jleclambonitt^  Pandfr,  Streptorhj/ttcki'i  \*  «• 
Blricted  to  a  apeciea  of  [lie  tyfje  of  &  pelargottattim,  a  I'cnniin 
fossil,  and  nearly  all  the  species  commonly  known  under  tbi* 
designation  fifin  the  Silnrian  and  Devonian  now  conic  under  lh« 
gentis  Orthotltelea  of  Fischer  de  Wnldheim.  \\\  addition  to 
Bajinenguina,  the  following  namrit  are  proposed  for  ii«w  gcneiio 
and  KMhgeneric  types  among  the  Slrophonienoids  and  Prodm-ioids: 
Onhidium,  Kftyasrella,  Pkolidostrophia,  Leptoatrop/ii'i,  Ai"i>hi- 
atrophia,  LepteUa,  CArutiania,  Anoplia,  Vhonontrophui.  tM 
Choiiopectii». 

U  will  probably  bo  found  that  TVopidolcptut  and  VltuUna 
belong  with  the  genera  included  in  this  volume.  OlilliiimiiM, 
Lyttoiiia,  and  Ituhto/'eiiia,  also  pertain  to  this  portion.  It  ii 
hoped  thai  a  recognition  of  ordinal,  eubordinal,  and  patrouyiuic 
Bilbdivisiona  will  be  accorded  in  the  tinal  work  as  an  eiprtM-nitm 
of  the  views  of  the  authors.  Several  anomaloas  inference*  iipim 
related  genera  which  have  a  sl^nioiiirally  intermediate  genn^  ap- 
pearing at  a  later  geological  period  could  uerbnpa  be  lieltcr  ei- 
plained  as  morphological  equivnlenls.  In  oilier  cases  geraiolojj 
IS  evidently  an  important  factor. 

Any  just  ci-iiiciBm  ot  this  work  woiUd  deal  chiefly  willi  a  IW 
details  of  observation!*,  minor  differences  of  opinion,  and  lrivi»i 
points  of  generic  relationships,  and  would  in  no  way  impair  iu 
general  usi-fulness.  It  must  therefore  stand  as  of  the  higiieit 
authority  on  the  genera  of  Palwozoic  Brachiopoda.  c.  e.  b. 

3,  lieport  of  the  Arkansas  Geological  Suruey  for  iM*', 
JoH>-  C.  Bbanner,  State  Geologist.  Vol.  Ill,  WhetBtonr*  •ixil 
^ooaaililes  of  Arkansas,  hy  L.  S.  Griswou*.  444  pp.  Sio, 
with  colored  geological  maps  and  other  illustrations. — Mr.  liris- 
wold's  report  has  great  value,  alike  historical,  practical  nrid 
scientific.  The  origin  of  the  novaculite  stratum,  which  in  i« 
pure  form  is  !f9i  per  cent  silica,  is  referred  to  simple  sodimeiiti- 
tion,  like  that  of  an  ordinary  sandstone ;  it  is  a  very  fine  siliccona 
sand-deposit,  somewhat  calcareous,  from  which  the  minute  cal- 
careous grains  have  been  leai^licd  out,  so  as  to  render  tlio  rock 
porous.  Only  small  portions  of  the  stratum  have  the  lineiiessof 
tcxtiii-e  fitted  for  the  best  whetstones.  The  stratum  is  ot  the  aae 
ol  Hie  lower  part  of  the  Trenton,  as  proved  by  the  author  ihroiigli 
the  disrovery  of  Graptulites,  itnil  has  a  thickness  of  about  VJOO 
feel.  Ii  IS  underlaid  by  i:iliO  feet  of  shales,  limestones  and  f.iwl- 
stones  of  older  Paleozoic,  and  overlaid  directly  by  f.'HO  to  IV*) 
leel  of  Snbcarboniferoua  beds,  the  Upper  Silurian  and  Devonimi 
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being  absent.  These  rocks  are  upturned  and  in  flexures,  making 
ridges  of  what  is  called  the  Ouachita  mountain  system,  extend- 
ing from  Little  Rock,  Central  Arkansas,  westward  into  the  In- 
dian Territory.  The  axis  of  uplift,  about  east  and  west  in  direc- 
tion, "strikes  toward  the  disturbed  Paleozoic  region  between 
Mississippi  and  Tennessee,  which  region  has  been  regarded  as  a 
southwestern  termination  of  the  Appalachian  system.'' 

4.  On  the  occurrence  of  Artesian  and  other  underground 
vuUers  in  Texas^  Eastern  New  Mexico  and  Indian  Territory^ 
toest  of  the  97th  Meridian  ;  by  Robbrt  T.  Hill.  166  pp.  8vo, 
with  numerous  maps,  plates,  and  sections.  From  the  Final  Reports 
of  the  Artesian  and  XJndei*flow  Investigations  of  the  Department 
of  Agriculture. — Professor  Hill  commences  his  very  thorough 
Report  with  a  general  review  of  the  topographical  features  of 
Texas.  He  mentions  in  detail  the  results  of  Artesian  borings 
over  the  State,  and  discusses  the  observed  facts  in  their  re\^tion 
to  the  several  rock  strata  that  underlie  the  surface,  and  the  topog- 
raphy of  the  different  regions.  The  special  conditions  on  which 
in  each  region  success  or  failure  depend  are  pointed  out,  and  in  the 
explanations  many  geological  details  with  regard  to  the  stratifi- 
cation are  given  and  made  clear  by  numerous  illustrating  sections 
and  maps. 

5.  Geological  Society  of  America. — A  meeting  of  the  Geo- 
logical Society,  of  which  Professor  G.  K.  Gilbert,  is  President, 
was  held  at  Rochester,  New  York,  on  the  15th  and  J  6th  of 
August,  immediately  preceding  that  of  the  American  Association. 
The  following  papers  were  read :  L.  C.  Johnson,  on  Phosphate 
fields  in  Florida ;  C.  H.  Hitchcock,  On  the  Connecticut  Valley 
glacier;  E.  W.  Claypole,  Dentition  of  Titanichthys  and  its  allies ; 
6.  C.  Broad  head,  On  the  Ozarks  and  the  geological  history  of 
the  Missouri  Paleozoic  ;  G.  F.  Becker,  On  the  finite,  homogeneous 
strain,  flow  and  rupture  of  rocks ;  VV.  H.  Hobbs,  Phases  in  the 
roetamorphism  of  schists  in  Southern  Berkshire ;  C.  L.  Little, 
On  a  raetamorphic  conglomerate  in  the  Green  Mis. ;  J.  Hall,  On 
the  Oneonta  sandstone ;  W.  Upham,  On  Drunilins  ;  G.  F.  Wright, 
On  Extra-morainic  drift  ol*  the  Susquehanna  Valley ;  D.  White, 
A  new  TflBniopterid  and  its  allies ;  A.  S.  Tiffany,  Overturn  of  L. 
Silurian  strata  in  Rennselaer  Co.,  N.  Y.;  President  Gilbert,  On 
Coon  Butte  of  Arizona  and  the  theories  of  its  origin. 

The  Society  will  hold  its  next  meeting  at  Ottawa,  Canada, 
commencing  on  the  28th  of  December. 

6.  Albirupean  Studies  ;  by  P.  R.  Uhlkr.  Trans.  Md.  Acad. 
Sci.,  1892,  pp.  185-201. — We  have  here  another  strong  effort  of 
this  author  to  vindicate  his  Albirupean  formation,  as  outlined  in 
1888.  He  now  expands  it  to  include  the  entire  clay  series  of 
lAevf  Jersey  and  the  Laminated  Sands  of  that  state,  also  all  of 
the  Potomac  formation  of  McGee  coastward  of  the  Iron  Ore 
Clays  of  Maryland,  and  prolongs  it  southward  into  Virginia  to 
take  in  the  freestone  quarries  of  Aquia  Creek  and  Fredericks- 
burg.    This  leaves  very  little  of  the  great  Atlantic  Clay  Belt  for 
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any  ono  to  contend  about,  because  it  is  now  known  Ihnt  tin  1 
Atiiboy  Clay  flora  occurs  near  the  base  of  ilie  Tiiccaloosa  formi-  j 
lion  iu  Alabama  and  MissisRiiipi.  He  lias  therefore  proved  too 
much  and  is  anticipated  by  Dr.  Eugene  Smiib,  at  least  as  lo  \»t 
pro])osed  name.  And  really  ibis  is  here  the  main  tiling,  since 
ibc  laclK  have  been  long  known  and  nucurntuty  mapped,  at  lessl 
in  New  Jersey.  The  great  question  is  that  of  correlating  llie 
Potomac  formation  with  tbe  New  Jersey  beds,  or  of  riiowiiig 
wbal  relation  liubsists  between  them.  On  tliix  question  the  pres- 
ent jiaper  throws  no  clear  ligbt.  The  one  service  which  Frot, 
Uhler's  invest igationti  are  doing  is  Uiat  of  drawing  attention  to 
tbe  fact  that  the  great  Lower  Cretaceon»  non-sbell-boaring  belt 
of  ili(<  Atlaniia  border  region,  though  doubtless  a  geological  unit 
(which  he  denies),  occupied  a  vast  period  in  its  deposition,  wa* 
Attended  by  great  vicissitudes  and  oscillations  of  level,  and  muM 
be  studied  as  a  series  of  snccessivo  deposits  rising  stratigrapli- 
ically  from  its  landward  toward  iis  coastward  margin  aud 
cliaiiging  creally  from  one  level  to  another.  L.  F.  w. 

7.  The  ^Fo»sil  Flora  of  the  Bozeman  Coal  Field;  by  F.  11. 
Knowlton.  Proe.  Biol,  8oc.  Washington,  vol.  vii,  July  18P2, 
pp.  15.1-154. — In  ibis  short  paper  Prof.  Knowtton  Gnnis  up  the 
ri'snlts  of  a  protonged  investigation  soon  lo  be  published  iu  full 
by  the  Qeologieal  Survey.  Altogether  43  species  of  (oesil  planU  j 
have  been  found  in  the  Bozeiuan  coat  tield  only  three  of  whiiA  1 
are  new,  most  of  the  others  occurring  in  other  parts  of  the  wrat. 
The  smalt  nnmber  of  Port  Union  species  seems  to  ahow  that 
these  deposits  do  not  form  a  jiai-t  of  the  series  of  beds  that 
extend  along  the  Missouri  and  Yellowstone  livers  in  Dakota  and 
Monlann.  Or.  the  other  h.in.1  the  forms  {oun.l  are  largely  those 
of  the  line  Laramie  and  overlying  Denver  formations  of  Colorado 
and  Wyoming,  between  which  they  are  pretty  equally  divided. 
This  seems  to  fix  the  horizon  of  this  coal  region  with  consiiler- 
able  accuracy,  and  Ehows  that  the  great  Laramie  aea  occupied 
the  same  position  relatively  to  the  Rocky  Mountain  uplift  in 
Molilalia  as  it  does  farther  south.  The  most  interesting  form  is 
the  Thhinfeldia  polymorpha,  which  seems  to  be  a  sort  of  coii- 
necting  link  between  the  ferns  and  the  conifers  of- the  Ginkgo 
tyjic,  and  is  also  strongly  suggestive  of  the  Glossopterid  foi-msof 
Australia  and  India.  l.  r.  w. 

8.  Pid'eonlolagie  Veffitale  {Ouvrtiges  puhlies  en  1891)),  par  R- 
ZEiLi.Kit.  Extrait  de  I'Auniiaire  Geoloiriquo  Universel,  Tome 
VII,  1890,  pp.  1115-1157,  Paris,  189-2.  ^  This  is  another  of  llie 
series  of  odniirahle  reviews  of  paleobotauical  iili-raiuro  by  M. 
Zeiiler,  of  which  four  others  have  ]ireviously  appe.ired.  It  is 
very  thorough  and  searching,  no  less  than  138  diQerent  works 
and  papers  being  treated.  The  jiian  is  to  deal  first  with  tlie  fjcn- 
cral  works  and  discu-'sii^ns  and  then  to  take  np  the  special  works 
in  the  ascending  geological  order  of  the  formations.  These  arc 
subdivided  into  Paleozoic,  Anteeretaceous  Secondary,  and  Cre- 
taceous and  I'ostcielaceous.     A  special  deparlnicnt  is  devoted  to 
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fossil  woods.  The  method  is  expository  rather  than  critical  and 
the  space  is  well  adjusted  to  the  importance  of  the  sabjects  re- 
viewed. The  literature  is  referred  to  by  numbers  and  the  titles 
are  collected  together  in  an  alphabetical  list,  but  unfortunately 
in  a  separate  part  of  the  volume  (pp.  98-103) — a  serious  defect 
in  the  book-making,  but  for  which  our  author  is  not  responsible. 
The  most  important  works  that  appeared  during  the  year  1890 
were  Professor  Fontaine's  Flora  of  the  Potomac  Formation, 
Renault  and  Zeiller's  Coal  Flora  of  Commentry,  Saporta's 
Jurassic  Flora  (completed  in  this  year),  the  Paleophytology  of 
Zittel's  Handbnch,  brought  to  a  conclusion  by  Schenk,  and 
Zeiller's  Fossil  Flora  of  the  Carboniferous  and  Permian  basin  of 
Autun  and  Epinac.  Among  the  leading  discoveries  of  the  year 
may  be  noted :  that  by  Renault  of  the  large  petioles  called  Myel- 
ozylon  in  direct  relation  with  the  ferns  Alelhopteris  and  Neu- 
ropteris ;  that  by  Williamson  of  secondary  wood  in  certain  ferns ; 
that  by  Renault  of  a  true  Equisetum  in  the  Carboniferous;  that 
by  Marion  in  the  Permian  of  Lod^ve  of  peculiar  strobiles  (Gom- 
pbostrobus)  which  seem  to  form  a  connecting  link  between 
Walchia  and  Ginkgo;  that  by  Saporta  of  dicotyledonous  plants 
in  the  Lower  Cretaceous  of  Portugal ;  and  that  by  Dawson  and 
Penhallow  of  a  Rhizocarp  (AzoUcephyllum  pi'imcevwn)  allied  to 
Azolla,  in  the  Tertiary  of  British  Columbia.  l.  f.  w. 

9.  Sylloge  Fungorum  Fosailium  hucusqxie  coynitorum,  Auc- 
tore  A.  MsscHiNELHi.  Patavii,  1892. — This  is  an  octavo  pam- 
phlet of  73  pages  and  will  form  part  of  the  tenth  volume  o 
Saccardo's  great  Sylloge  Fiingofum  so  well  known  to  botanists. 
It  was  well,  and  in  line  with  modern  methods,  that  Saccardo 
ihould  include  the  fossil  forms  in  his  description  of  all  the  fungi 
mown  to  botany,  and  this  part  could  not  have  been  intrusted  to 
kHy  one  more  competent  than  Professor  Meschinelli.  According 
o  this  enumeration  there  are  now  known  to  science  329  species 
>f  fossil  fungi,  which  are  assigned  to  41  genera.  Most  of  these 
attcr  are  named  from  their  resemblance  to  living  genera  by  ad<l- 
ng  to  the  generic  name  the  termination  -ites.  The  largest  genus 
!4  Sphaerites  wilh  100  species,  which  is  followed  by  Xylomites 
rith  56,  Rhytismites  with  23,  Phacidites  with  18,  Dcpazites  and 
lysterites  with  16  each,  Phyllerites  with  15,  and  Sclerotites  with 
3.  Most  of  these  occur  as  spots  on  dicotyledonous  leaves, 
hiefly  in  the  Tertiary.  The  genera  Archagaricon,  Peronospor- 
IC'S,  Protomycites,  Excipulites,  and  some  of  the  species  of  other 
renera,  are  from  the  Carboniferous,  and  there  are  a  few  Mesozoic 
orms.  The  Polyporites  Boxoniani  of  Lindley  and  llutton  from 
he  coal  measures  of  Denblgshire,  long  regarded  as  the  scale  of  a 
ish,  is  included,  as  is  the  Gyrornyces  Ammonia  oi  Goppert,  which 
nost  other  authors  treat  as  a  shell,  and  which  has  been  otherwise 
lamed  Spirorbia  carhonarii;  but  in  such  doubtful  cases  atten- 
ion  is  called  to  the  conflicting  views.  Tlie  plan  of  the  work 
embraces  pretty  full  references  to  the  literature  of  each  species, 
i  very  brief  character,  and  a  statement  of  the  habitat,   which 
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features  rendev  iho   work    exceodhigly  useful   iiidependenilf  o( 
any  questions  as  to  the  real  nature  of  doubtful  forms,     l.  f.  w. 

10.  /  IVoneki  di  lienneltitce  del  Mugei  Ttatiarii.  Notait 
storiche,  geoloytaht,  bolanicke  ;  dei  ProfcBsori  Senatore  G.  Cip- 
ELi.iNi  e  Conle  K.  Solm9-Lauba.cb.  Con  ctnqne  tavole.  Bologu!!, 
1S02,  Eslratla  dalla  Serie  V,  Tomo  11  delle  Mem.  Real  Accad. 
Soi.  1st,  di  Bologna. — Capdlini  writes  tbe  historical  and  geologi- 
cal, iknd  8o1ms-Laubaoh  tlio  botanical  part  of  thi«  mc^moir,  givini; 
a  very  full  account  of  thu  discovery  and  iba  real  nature  of  all 
iliif  cycadean  remains  that  have  been  lone;  accuniulatiog  in  the 
various  Italian  museums,  one  specimen  dating  back  as  tar  as 
1745.  Besides  the  eiglit  species  of  Cycadeoidea  which  are 
described  and  figured  one  other  form  is  Treated  as  belonginj:  to  a 
different  genus  and  named  Cycadea  Imolenah.  Count  Solras 
reserves  the  name  Hennetliles  for  the  sole  li.  Gib»onianu»,  the 
nature  of  whose  fruct  ill  cation  is  known  and  has  been  fully  ti'«ated 
bv  him  in  a  previous  memoir  (see  this  Jonrnal,  vol.  xU,  p.'  ::3l), 
Mention  is  made  of  three  American  forms.  The  specimen  foutitl 
at  Golden,  Colorado,  to  which  Lesquereus  gave  the  name  Zmnio- 
«trobua  mirabilit  was  sent  to  Solms-Laubaclt  by  the  I'.  N.  Na- 
tional Museum,  with  permission  to  dissect  and  describe  it.  It 
has  been  returned  together  with  two  slides  showing  its  internal 
structure,  but  the  only  description  is  contained  in  )etten<' froni 
liim.  In  these  and  in  the  present  vork  he  has  renamed  11  Vyea- 
deoidea  Zamiottrohvi,  which  name  his  label  with  the  specimen 
also  bears,  bm  no  figures  are  given.  The  T^fsonia  Marytandiet 
of  Fontaine  from  the  iron  ore  clays  (Potomac  foi-mation)  o( 
Maryland  is  also  j-egarded  as  a  Benueltites  or  a  Cycadeoidea,  and 
Capellini  says  that  it  closely  reacmhles  C.  Manuiiana.  Tlie  C. 
iiiuitita  of  C'ragin  from  the  Cheyenne  Sandstone  is  supposed  In 
be  a  related  form,  i-  f,  w, 

11.  Ueber  den  gegenwfirtigeii  Staiidpiinkt  unaerer  Keiiiitoit 
Hon  dem  Vorkommen  foMiler  Glacialpjlatwsn.  Von  A,  ''■ 
Nathorst.  Bihang  till  svenska  Vet.-Akad.  hfandlingar.  Uinii 
K.  Afd.  Ill,  No.  5.  Stockholm,  189:2.— It  is  matter  lor  eongrai- 
nlation  that  this  valuable  paper  should  have  been  pubhsheii  in 
German  instead  of  Swedish.  It  contains  a  resume  of  tho  pro- 
longed and  extensive  researches  of  the  author  into  the  occurraace 
of  fossil  ]>lants  in  glacial  deposits.  These  began  nearly  35  vpits 
ago  and  his  contributions  to  the  subject  e-nbrace  nioi*  llin"  ^ 
score  of  lilies.  The  present  summary,  however,  goes  furilicr  and 
includes  the  j-esults  of  llie  labors  of  others,  and",  though  brief, 
preBcntB  a  birdVeye  view  ot  the  whole  field,  ll  is  accompmii'd 
iiy  .1  map  of  northern  Europe  with  the  areas  and  partii'iibr 
locii lilies  where  these  plants  are  found  clearly  marked.  Tlit 
)jrini.'ip:il  countries  in  which  these  occur  are  r  Sweden  (chiillj'  i" 
Sc/uiiii  al  the  eilrenie  south,  but  also  in  Ostgothland,  Golland. 
and  .Jenitl:uid),  Norwav  {at  Leine  in  Gudhrandsdalen),  Deinnstt 
(Seeland,  Moon,  liornhblm,  Jutland),  Russia  (Esthland,  Livlsnd}, 
North  Germany  {East  and  West  Prussia,  Pomerania,  Mecklen- 
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bai^,  Scbleswig-Holstein),  Great  Britain  (Devonshire,  Norfolk, 
Suffolk,  Yorkshire  and  near  Edinburgh),  Switzerland  (Cantons  of 
Zurich,  Thurgau  Luzern,  Neuchatel),  Wttrtemberg  (Upper  Swa- 
bia),  Bavaria  (Kolbermoor),  Hungary  (Felek  in  the  South  Car- 
pathian mountains),  France  (near  Nancy).  In  nearly  all  cases 
the  forms  thus  discovered  have  been  identified  with  those  now 
inhabiting  the  colder  parts  of  the  northern  hemisphere.  Their 
great  southern  range  is  conclusive  as  to  the  change  that  has  taken 
place  in  the  climate  of  Europe.  l.  f.  w. 

11.    Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science, — 
The  4l8t  meeting  of  this  association  was  opened  at  Rochester, 
N.  Y.,  on  the  17th  of  August,  under  the  Presidency  of  Professor 
Joseph  LeConte.  The  addresses  of  the  Vice-Presidents  of  the 
sections  were  as  follows :  Professor  J.  R.  Eastman,  of  the  Astro- 
nomical Section,  On  the  neglected  field  of  Fundamental  Astron- 
omy; Professor  B.  F.  Thomas,  of  the  Physical  Section,  On 
Technical  education  in  Hi^h  Schools  and  Universities;  A. 
Springer,  of  the  Chemical  Section,  On  the  Micro-organisms  of 
the  soil ;  H.  S.  Williams,  of  the  Geological  Section,  On  the 
Scope  of  Paleontology  and  its  value  to  Geologists;  Professor  S. 
H.  Gage,  of  the  Biological  Section,  On  the  Comparative  Physiol- 
ogy of  respiration ;  W.  H.  Holmes,  of  the  Section  of  Anthro- 
pology, On  the  evolution  of  the  Esthetic ;  Professor  J.  B. 
Johnson,  of  the  Section  of  Mechanical  Science  and  Engineering, 
On  the  Applied  Scientist ;  Lester  F.  Ward,  of  the  Economical 
Science  Section,  On  the  Psychological  basis  of  social  economics. 

The  Address  of  the  retiring  President,  Prof.  A.  B.  Prescott, 
considered  ".the  work  that  is  wanted  in  the  science  of  Chemistry." 

Excursions  were  taken  on  Saturday  in  four  directions,  to  Port- 
age, Stony  Brook  Glen,  Niagara  Falls  and  Canandaigua  Lake. 
The  salt  mines  also,  20  to  30  miles  south  of  Rochester,  were  visited. 

The  President  and  Vice-Presidents  chosen  for  the  following 
year  were  as  follows  :  President,  Wni.  Harkness.  Vice-Presi- 
dents, C.  L.  Doolittle,  in  the  Mathematical  and  Astronomical 
section  ;  E.  L.  Nichols,  in  the  Physical ;  E.  Hart,  in  the  Chemi- 
cal ;  S.  W.  Robinson,  in  that  of  Mechanical  Science  and  Engi- 
neering; C.  D.  Walcott,  in  the  Geological ;  H.  F.  Osborn,  in  the 
Zoological;  C.  E.  Bessey,  in  the  Botanical ;  J.  O.  Dorsey,  in  the 
Anthropological ;  W.  H.  Branner,  in  the  Section  of  Economic 
Science  and  Statistics.  Madison,  Wisconsin,  was  selected  for  the 
next  place  of  meeting. 

List  of  papers  accepted  for  reading. 

Section  A.     Mathematics  and  Astronomy. 

J.  A.  Brashear  :  European  observations. 

S.  C.  Chandler:  On  the  conflict  of  observation  with  theory  as  to  the  earth's 
rotatioD. 
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n.  p.  Todd:  MeteoroloKiesi  obeerrstions  ni»de  in  April,  1830,  1831,  189!,  In 
tbe  to»titT-pMli  of  tlie  eclipse  of  1893,  April  ir, 

L.  A.  8«nKa;  The  flocuhr  motioit  at  a  frou  magnetic  needle. 

M    !klKHBUiAN:    Ou  the  discrlminAlors  of   the  discrimiiisnt  of  an   algebnic 

0.  K  Uale:  Tlie  epectroholluKrspli  of  the  Kenvoixl  Aetni  Pliyaica)  Obtcrri* 
lory.  Cliicugo,  and  roaulta  Dblniiied  m  the  study  of  the  sun.     Forms  of  «alir 

C.  L,  llonuTTLE:  Latitude  of  the  Snyrs  Ohaerrslory.  List  of  30  new  propel 
motion  Etars, 

ALsXitVDES  MACPAKLtHK:  On  tlie  lma|cinary  of  algebra. 

R.  S.  Woodward  ;  The  icod-bnr  base  oppurntua  of  the  U.  S,  Coast  and  Geo 
dctic  Sorvey.     On  the  seDeml  pcobltm  of  leuat  sqimres 

A.  W.   Phillips:    Uodeli  iind  muddut'S  tiir  Rliowiug  carven    of    the   tliird 

T.  IJ.  SArFoBDi  L«B8t  Rqunro  [allnoieti.  DiSerantial  foriuuiie  for  orbit  car- 
rtwtioDB  Proper  motion  of  H!i  slsra  within  1u'  of  the  Dortb  pole,  with  rentrks 
on  tho  tirc«?Dt  »ute  of  the  problem  of  tbe  Miliir  motiun. 

E.  Uitsnyos  MooRb:  Concercing  a  tMn^rueni'e-graup  of  order  360  coniaiaed 
In  til?  ([roup  of  linear  Craotioniil  Kiibstitutiooa. 

W.  Itiiorsu:  Ou  the  inleraection  of  an  equiUt^ral  h/perbola  utd  tbe  sides  of 
a  plane  triBogle — a  question  in  triliuears. 

W.  A.  lioosna  :  Da  the  construction  ol  a  prime  vertical  transit  i 
foe  tbe  dBlormination  of  the  latitude  of  Harvard  College  Obseri'atary. 

A.  S,  IUthiwat:  LiDOo-lincar  vector  function 9. 

E.  B.  FRom';  TherDui  absorption  la  tbe  lolar  atmMpben 

J.  E.  Kkrshxkb:   Kleclric  lights  for  axlronomical  inMnim 

J.  II.  WAiiHific  PrHoticiil  rtilas  for  testing  whether  a  nntnber  is diTuubls  by  i. 
or  any  other  small  prime ;  and  if  not  diriaibli).  to  aacertain  the  remainder  In* 
crease  in  oonnaut  for  addition  in  testing  tor  inUgral  rsluea  in  the  eqaation  of 
quarter  ftqusraa. 

StetiM  B.    i^iufca. 

E.  S   FasHT :  Pereisteoc*  of  viilon. 

G.  W.  lioi.LEV :  Kxperiments  on  the  ocular  speclrum  of  the  eye  and  lli' 
imoBB  presented  lo  the  brnin. 

C.  A.  riLivEK:  Description  of  a  contrivance  intended  tor  the  study  oi  penfp 
tion  at  definite  diHlnncos. 

K.  MKttKiTT;  Kole  on  the  pbolofrraphy  oi  the  inanometric  Hamt  anj  tlir 
anal}  sis  oF  vowel  sounds. 

G.  W.  HoidH:  On  the  aensitlveiiess  of  photograpbic  plates. 

W.  S,  Fhanki.in:   E.  M.  F.  between  normal  and  atrained  metals  in  vnlraii 

M.  Mfhriman:  InHiience  of  the  moon  on  the  rainfiill. 

I).  I*.  TiiDii:  Ua  tlie  mecliauical  and  pliysiciii  means  of  aerial  trnnait  n-illioiin 
pr(i|>cllcr. 

E.  U.  Ri>si:  Further  eiponmenta  on  the  specific  induct  I  ve  CHpacity  of  cleo- 
trolytcs, 

r.  li.  TinviNd:   ,\  jili.itonrjiphic  molbiid  of  miippiiii;  the  magnetic  lioki. 

V.  1'.   W;i!  1L^^     ( ',,ll^■  iiici- r)t  volume  of  iron  in  siroug  inaguelic  lields.    Xd'- 

I!    I.    N  ■  III  I  ■      I'      i'.  I  iiliiilion  of  energy  in  the  spectrum  of  the  glow  bmi' 

,\l)-iiri'i I"'  rr.i  .'iiiiiii  Kiibstiinces  in  tho  Infriv-rcd. 

,!.  K  ( ii.ii  h:n  :  Notr  III!  Oia  Lcsatte-Thomrion  theory  of  gravitation 
,\  K  :in..iii:iii:  A  [iiwlinnical  model  of  electroniuirnelitt  relations. 
\\'.   I.   "^rmi.ss;   An  eipsriiucntal  compnriaoa  of  formulie  tor  total  radiiitifin 

li  l;i  I'.K.ss  iiinl  1!,  \V.  S\ow  ;  On  llie  diaperaion  ot  radiations  of  pr.'nl  naif- 
leniflliJ^  ill  rock  s;iit.  ailvile  and  fluciriipar. 

1!.  H",  Sxmv;  On  the  distriliiition  of  ciicrftv  in  the  arc,  Ou  the  iiifrj-ri'il 
spectra  of  the  alknties. 

G.   HiNRiciiR:  On  the  mci'hanics  of  tbe  three  states  of  aggregation. 
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Section  C,     Chemistry, 

G.  Arcubold:  The  albuminoids  of  maize. 

W.  P.  Mason  :  Post-mortem  imbibition  of  arsenic.  Effect  of  sedimentation 
upon  self-purification  of  running  streams.     The  value  of  a  water  analysis. 

3.  A.  Lattimore:  Presentation  of  samples  from  the  salt  mines  of  New  York. 

G.  Hi.NBiCHS:  On  the  mechanical  determination  of  the  stereographic  constitu- 
tion of  organic  compounds. 

W.  R.  Orndorff:  On  the  decomposition  of  acetone  with  concentrated  sul- 
furic acid. 

Lauua  0.  Talbott:  Itacolumite  from  North  Carolina. 

H.  Cahrixotox  Boltos  :  A  select  bibliography  of  chemistry. 

A.  Tuckerman:  Notes  on  a  bibliography  of  mineral  waters. 

K.  Hart  :  Copper  sulfate  as  a  material  for  standardizing  solutions. 

W.  A.  Notes:  An  effective  condenser  for  volatile  liquids  and  for  water 
analysis.     Di-ethyl-carbinamm  and  its  conduct  toward  nitrous  acid. 

A.  B.  Prescott:  The  iodomercurates  of  organic  bases. 

M.  GoMBERO :  Tn-methyl-xanthiu  and  its  derivatives 

H.  W.  Wiley  :  Some  points  in  connection  with  the  composition  of  honey.  A 
method  of  polarimetric  observation  at  low  temperatures. 

C.  P.  TowNSEKD :  Note  on  the  effect  of  fertilizers  upon  the  juice  of  the  sugar- 
cane. 

E.  A.  DE  ScHWEiNiTZ:  The  enzyms  or  soluble  ferments  of  the  hog-cholera 
germ. 

E.  Goldsmith  :  Catalytic  influence  of  ammonia  on  amorphous  substances  to 
induce  crystallization. 

Section  D.     Mechanical  Science  and  Engineering. 

J.  B.  Johnson  :  Extensoroeter  for  measuring  distortion  of  specimens  Yinder 
test  (instrument  exhibited).  Peculiar  visible  strain  in  steel  when  tested  in  tension, 
comprestiion  and  cross-breaking 

Fred.  T.  Gause:  Relative  economy  of  the  single  cylinder  air-compressor 
with  cooling  by  a  spray  of  water  and  the  present  economy  of  the  compound 
compressors  at  Qua  de  la  Gare,  Paris. 

A.  M.  RosEBROUGH :  A  new  window  ventilating  appliance. 

Via.  A.  Rogers:  Investigation  of  a  21  1-1  feet  precision  screw.  Exhibition 
and  description  of  combined  yard  and  meter  standard  bar. 

R.  S.  Woodward:  On  the  use  of  long  steel-tapes  in  measuring  base-line. 
Report  of  U.  S.  C.  and  G.  Survey. 

E.  W.  Bemis  :  'Results  of  municipal  ownership  of  gas-works  in  the  U.  S.  dur- 
ing 1891. 

G.  W.  Hough  :  Description  of  a  transmission  dynamometer. 

J.  B.  Webb:  Bending  tests  of  timber. 

J.  E.  Deston  :  Method  of  measuring  loss  of  power  and  drop  of  pressure  be- 
tween cylinders  in  multiple-cylinder  engine. 

D.  S.  Jacobus:  Measurements  of  total  heats  of  combustion.  Use  of  anemom- 
eters for  measuring  velocity  of  air  in  mines. 

J.  E.  Dektox  and  D.  S.  Jacobus:    Steam  economy  of  the  engines  of  the 
screw  ferry  boat  "  Bremen." 
DeVolson  Wood:  Negative  specific  heats. 

Section  E.     Geology  and  Geography, 

A.  Hollick:  Paleobotany  of  the  yellow  gravel  at  Bridgeton,  N.  J. 

G.  F.  Kuxz :  The  mining,  metallurgical,  geological  and  mineralogical  exhibits 
to  be  shown  at  the  World's  Columbian  Exposition 

J.  Crawford  :  Cerro- Viejo  and  its  cones  of  volcanic  ejecta  and  extrusion  in 
Nicaragua.' 

W.  J.  McGee:  Pleistocene  geography.  Distributions  of  the  LaFajette  forma- 
tion. 

W.  UPHAif :  Submarine  valleys  on  continental  slopes. 

E.  D.  Cope  :  Cenozoic  beds  of  the  staked  plains  of  Texas. 
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A,  L,  Abet  ;   Rthib1lion«  o(  Qnelpl)  tosills  found  in  ttochesler.  N.  T. 

JOBM  Koar;  The  American  mnstodou  in  Florida. 

N.  H.  WixcHSU,:  &>me  probioma  of  the  MoBsbi  iron  ore, 

V.  CuLVlK  :  The  mtitlieoiatlts  □(  TnounlAin  sculpture. 

R.  T.  QiLL:  Tlie  tDlruaio  crstera  ol  the  United  ^tatea.  Recent  geolo^'ml 
eiplorationti  !□  Mexico.  Ths  liomoloilc^  relatiooH  ol  the  North  Am^ricnn  Lowr 
Cretaceoiit. 

S,   .\.  LxmuoBK:   I'rcaentntion  of  9»niple«  from  Ibe  siitt  mines  of  NeK  Yorli 

C,   H.  HlTCHL-ocK :  Tsnniiial  moriititfs  in  >'ew  Knftlaod. 

E.  W.  Ci^TPOLB :   A  yiBEwiKe  in  Ihe  hKlorj-  of  the  CiijBhofcs  Rivpr. 

F.  LKVBBKrr:  Koles  besring  upon  Iho  changes  o(  the  Pru-gUcial  dtniuagr  q[ 
veaUrn  Illlaoie  and  ea«t«Ta  [own. 

A.  A.  Wwoar:   Eiir«.morulnIf  drtfl  io  New . Jersey. 

SicHm  F.    Siology- 

J.  C.  ARTBtB:   How  the  nppliiMtJon  of  hot  wHt«r  to  ceed  increaacs  UiojielJ 

li.  H.  Bailet:  On  the  Huppowd  oorreUtion  of  qu  all  I)' in  fruits — a  study  in 
evolutioo, 

W,  J.  Bkal:  Spikoe  of  wheat  bearing  obDonnal  spikeleta.     A  stvdjor  Ihe 
roJaUTO  lerigthfi  of    tlie  Rbvathu  and  Jnternodex  of    ^hsus  for  the  purpoM  of 
dotonnininK  to  whtit  extent  this  is  a  reliable  speiiltc  characler. 
.    If.  L.  BtitTTOI':  HoUjs  on  lUminculut  repena  and  its  wsl«ni  North  Amcricm 
klliea.     Sotea  on  n  monogmph  of  the  North  AmoricaD  9pedM  of  Leepefleu. 

F,  V.  COVII.I.K:  GeogrHphicrelatJoniihipoftbe  flora  of  the  high  Sierra  NvvH^i, 
California.  Skeloli  of  llie  Flora  of  Death  Valler.  California.  Chanict«rit3in 
■od  adaptationa  of  deaert  vejKtation. 

J.  H.  Oohstook:  The  deaoent  of  tho  Lepidoptcrui  an  opplicaiion  of  I!]' 
theory  of  natural  selection  lo  ti<innoniy. 

0.  F.  CooK^  Do 'I'ennitwciilUvNte  riintri^ 

R.  D.  Cops:  A  new  form  of  Uanupialia  from  the  Laramie. 

W.  li.  Bsadcbahf:  Vaiintlon  in  atttlve  (erna.  Notes  «n  Mtn*  fntah  \ril«r 
Uollnsks. 

W.  d,  Kkllkhman:  Notes  on  yellow  pltoh-piue,  Pinun  rigidu  Mill,  var  hUa. 
Germination  at  IntprvaU  of  Boed  treated  with  FuugieldeB. 

M.  B.  Waited  The  fertilization  of  pear  Sowers. 

0    W.  Stiles:  On  Ihc  adult  ceslodes  of  cattle  anil  nheep. 

JI.  U  RL'SBKLL:  Nod- para  situ'  bacteria  in  veicetable  tiesue.  Bac(priolo^n<' 
inveatigatioDB  of  innriDO  walem  and  the  nen  Hoor. 

II.  K.  Wki^ii;  The  insect  fanna  of  the  Misi'Isslppi  bottoms. 

W.  W.  Rowlee:  The  root  nystcni  of  Miknnia  scandens  L.  AdaptatioD  of 
seeds  to  fncililate  (.'ermination. 

C.  W.  Srii.ts:  Keporl  ol  WoloKical  Sectinn  of  the  commiilee  on  the  Xaple- 
tahle. 

f).  (}.  FAiiicniLii:  Live-for-evor  eradicated  111- a  funRoua  disease. 

O.   Vabey  :  Otto  Knnie'a  changes  In  nomenclature  of  North  American  grasw 

11.  v..  FbrnOw  and  R.  R  Si-])wouth:  Beviaed  nomenclature  of  the  arbores- 
cent flora  of  the  United  Slates. 

A.  11.  Ti-TTr.H;  The  proposed  Columbus  bioloclcnl  stations  in   Jamaica.    .In 

.1.  II.  Stou-ek:  The  i-oiidithms  which  detorraine  the  rtistribulion  of  baot.-riai'i 
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B.  D.  Halstbd:  Pleospora  of  Tropseolum  ma  jus.  Scooodary  spores  of  Ad- 
thracooses.     A  Bacterium  of  Phaseolus. 

T.  Meehax:  The  significaDce  of  cleistogamy. 

E.  W.  DORAN :  The  animal  parasites  of  dogs. 

P.  A.  Pish  :  A  preliminary  note  on  the  anatomy  of  the  Urodela  brain  as 
exemplified  by  Desmognothus  fusca. 

J.  B.  Smith  :  The  '•  maxillary  tentacles  "  of  Pronuba. 

L.  M.  Underwood:  Preliminary  comparison  of  the  Hepatic  Flora  of  boreal 
md  sub-boreal  regions. 

E  F.  Smith  :  On  the  value  of  wood  ashes  in  the  treatment  of  peach  yellows, 
^n  the  value  of  superphosphates  and  muriate  of  potash  in  the  treatment  of 
peach  yellows. 

G.  Macloski:  Notes  on  maize. 

G.  -S.  IlOPKixs:  Contribution  on  the  digestive  tract  of  some  X.  A  ganoids. 

M.  Miles:   Heredity  of  acquired  characters. 

E.  A.  DE  SciiWEiNiTZ:  The  production  of  immunity  in  guinea  pigs  from  hog 
cholera  by  the  use  of  blood  serum  from  immunized  animals. 

S.  P.  Gage:  A  preliminary'  account  of  the  brain  of  Diemyctylus  viridescens 
based  upon  sections  made  through  the  entire  head. 

C.  V.  Riley  :  On  Carphoxera  ptelearia,  the  new  herbarium  pest.  The  fertili- 
sation of  the  fig  and  capriflcation. 

R.  O  Moody:  Note  on  the  appearance  of  two  embrjo  chicks  in  a  single 
blastodenn. 

Section  U.    Anthropology, 

D.  G.  Brinton  :  Anvil-shaped  stones  from  Pennsylvania.  Proposed  classifica- 
tion and  international  nomenclature  of  the  anthropological  sciences. 

A.  W.  BuTLEE:  Some  Indian  camping  sites  near  Brookville.  Prehistoric 
objects  from  the  White  Water  valley.  On  some  remains  from  the  oldest  river 
a^ravels  along  the  White  Water  river.     Earthworks  near  Anderson,  Ind. 

L.  L.  Cox  ANT :  Primitive  number  system. 

Laura  O.  Talbott:  A  few  psychological  inquiries. 

J.  Ja.strow:  Involuntary  movements. 

Matilda  C.  Stevexsox:  Tusayan  legends  of  the  Snake  and  Flute  people. 

K.  W.  Cl.\tpole:  a  skull  of  a  pig  having  a  fiint  arrowhead  imbedded  in  the 
bone. 

W.  .T.   McGee  :  Comparative  chronology. 

H.  T.  Cressox  :  Brief  remarks  upon  the  alphabet  of  Landa. 

F.  W.  Putnam  :  The  Poabody  Museum  Honduras  expedition.  The  Depart- 
ment of  Ethnology  of  the  World's  Columbian  Exposition.  Kxhibition  of  a  large 
model  of  the  Serpent  Mound  of  Adams  County,  Ohio. 

W.  M.  Beauchamp:  Karly  religion  of  the  Iroquois.  Early  Indian  forts  in 
New  York. 

C.  A.  HiRSCHFELDER :  Evidences  of  prehistoric  trade  in  Ontario.  Ancient 
earthworks  in  Ontario. 

0.  T.  Mason:  A  definition  of  anthropology. 

F.   H.  CusHiNO :  Pueblo  myth  and  ceremonial  dances. 

C.  P.   Hart:  Demonstration  of  a  recently  discovered  cerebral  porta. 

DorGL\s:  Ruins  of  Tiahuanaco. 

S.  S.  Sc'oviLLE:  Points  concerning  Fort  Ancient. 

T.  B.  Redding:  Pre-historic  earthworks  of  Henry  county,  Indiana. 

W.  H.  Holmes:  On  the  so-called  paleolithic  implements  of  the  Upper  Missis- 
sippi. The  sacred  pipestone  quarry  of  Minnesota,  and  the  ancient  copper  mines 
of  Lake  Superior.  Aboriginal  quarries  of  flakable  stone,  and  their  bearing  upon 
the  question  of  paleolithic  man, 

M.  H.  Saville:  Explorations  on  the  main  structure  of  Copan,  Honduras. 
Vandalism  among  the  antiquities  of  Yucatan  and  Central  America. 

H.  C.  Mercer:  River  pebbles  chipped  by  modern  Indians,  as  an  aid  to  the 
study  of  the  Trenton  gravel  implements. 

W.  K.  Mookehead  :  Cafion  and  mesa  ruips  in  Utah.  Singular  copper  imple- 
ments and  ornaments  from  the  Hopewell  group,  Ross  Co.,  Ohio. 
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British  AtiocitUion.—Tyi^  sixty-Becond  itie*ling  of  the 
Br'uish  ABaociaiioii  was  held  at  Edinbiir^li  during;  tlie  week  com- 
luencing  August  3.  Sir  Art-liibaUl  Geikic  wns  the  President  of 
the  meeting.  In  his  address  he  speaks  of  the  lai^e  eonlribations 
of  Edinburgh  gcoIogiMta  to  geologicnt  scieuce  and  dwells  nt 
lengtli  upon  tlic  iirominent  iuduencc  of  the  views  of  Hutton. 
Other  Pi-vtiidenlinl  addreBSes  were  by  Professor  I.apworlh,  of  the 
Qeolugieal  Secliuii.  on  some  general  facts  in  the  earth'a  ileveloji- 
ment;  Professor  James  Geibic,  President  of  tho  Geographical 
Scolion,  on  the  origin  of  coast  lines;  Profensor  Schuster,  of  the 
Phj-sica!  Section,  on  the  progress  in  Physical  Science  dnring  the 
past  year;  Professor  Wro.  Rutherford, -of  tho  section  on  Biology, 
on  the  current  theories  regarding  our  sense  of  color.  These  and 
other  Presidential  addresses  and  re|)ortH  of  papers  will  lie  found 
■[)  the  numbers  of  Nature  lor  the  month  of  August  and  beyond. 

3.  On  the  periodic  variationa  in  Glaciers.  Tho  following  in 
from  a  recent  communication  by  Prof,  Korel.  published  in  Xatore 
of  Augu«t  IB,  —  The  preparatory  study  whiuh  wc  have  made 
within  the  last  few  yearn  ha»  tshowii  na  that  the  periodicity  or 
glacial  variations  is  much  longer  than  waa  formerly  believed  lo 
be  the  case;  the  popular  dictum  that  the  increase  in  the  nine  of 
glauiers  recurs  every  seven  years  ia  certainly  incorrect.  We  can- 
not yet  give  definite  figures,  but  probably  the  cycle  of  glaciii 
variation  is  as  ranch  as  35  to  fiO  years.  The  latter  period  alone 
has  been  studied  attentively ;  if  IdaO  or  1855  be  fixed  upon  u 
the  epoch  of  maximum  of  glaciers,  they  have  been  neadily 
decreasing  in  past  years,  so  that  from  1S70  to  1875  we  were  not 
aware  ofasinglc  one  on  tho  increase.  In  1875  the  Glacier i!« 
B(.>sons  du  .ifoiit  r.taric  gave  the  signal  for  a  new  perlo^l  by 
commencing  to  lengthen  out ;  it  was  followed  in  I87B  and  1^"9 
by  thf  glaciers  of  Trient  and  Zigiorenove ;  then  successively  by 
some  thirty  glaciers  in  different  valleys  of  T.e  Valais;  but  the  pW 
of  increase  is  not  yet  general  in  Le  Valais  ;  a  number  of  larje 
glaciers,  Arolla,  Otemma,  Corbassi^re,  Le  Goruer,  Lc  Rhone,  are 
still  decreasing  or  stationary.  It  is  only  of  the  Mont  Blanc 
group  ihat  the  increase  can  be  said  to  be  general;  in  Le  Valais 
it  is  in  process  of  development,  and  we  are  still  very  far  from  the 
maximum  stage  of  glaciers.  If,  as  is  probable,  the  maximum 
only  arrives  at  the  commencement  of  next  century,  the  actual 
period  of  glaciers  will  have  lasted  more  than  fifty  years. 

4.  Miiriilii,  South  Carolina  and  Canadian  fhosphnte/' ;  bv 
C.  C.  Haves  Mili.ah.  224  pp.  8vo.  1892.  New  York  (The 
Scientific  Publishing  Co.). — As  the  preface  states,  this  book  ie 
addi-cBsed  to  those  who  are  commercially  interested  in  phosphates, 
and  treats  of  their  mode  of  occurrence,  methods  and  cost  ol  |iro- 
ducliou,  ami  commercial  importance.  It  contains  maps  of  [be 
phosphate  regions  of  Florida  and  South  Carolina,  and  will  be 
found  a  valuable  work  by  those  tor  whom  it  has  been  prepared. 
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LRT.  XLII. — Restoi'ations  of  Ciaosaurus  and  Ceratoaawrus  : 
by  O.  0.  Marsh.     (With  Plates  VI  and  VII.) 

A  NUMBER  of  restorations  of  Dinosaurian  reptiles  have  been 
jcently  made  by  the  writer  for  the  United  States  Geological 
orvey,  and  reduced  figures  of  several  of  these  have 
Iready  appeared  in  this  Journal ;  namely,  Broiitosaunis  and 
ie(f08au7*us  from  the  Jurassic,  and  Triceratops  from  the 
retaceous.*  Two  others  of  interest  are  given  in  the  present 
•tide;  Claosauvus  from  the  Cretaceous,  and  Ceratosawnis 
•cm  the  Jurassic,  as  shown  on  Plates  VI  and  VII.  The 
)rmer  is  a  gigantic  herbivorous  reptile,  a  typical  member  of 
16  Ornithoioda^  and  the  latter  a  large  carnivorous  form  of 
le  Theropoda^  as  these  orders  have  been  defined  by  the 
riter.f  Each  of  these  two  reptiles  is  a  characteristic  example 
f  the  great  order  in  which  it  belongs,  but  both  are  highly 
>ecialized,  and  present  many  features  not  seen  in  earlier  and 
tore  primitive  types.  Their  representatives  in  the  old  world 
-e  Iguanodon  and  MegalosaumSy  although  each  of  the  four 
enera  may  represent  a  distinct  family. 

It  is  especially  fortunate  that  each  of  the  restorations  here 
resented  is  based  upon  the  remains  of  a  single  individual  in 
hich  both  the  skull  and  skeleton  were  found  in  position,  and 
I  remarkable  preservation.  Additional  remains,  apparently 
lentical  with  each,  have  also  been  secured,  and  these  have 
eared  up  several  points  which  otherwise  might  have  been 
sft  in  doubt.  These  various  remains  have  already  been 
escribed  by  the  writer,  and  the  most  important  parts  figured. 

*ThiB  Journal,  vol.  xli,  p.  339,  April,  1891;  and  vol.  xlii,  p.  179,  August,  1891. 
f  Ibid.,  vol.  xxi,  p.  423,  May,  1881 ;  and  vol.  xxiii,  p.  84,  January,  1882. 
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n.mMunta,  Miirsh,  18H0.« 

The  most  important  feature  in  tlie'reetoratioii  of  Clamaurvn 
annecten^  given  on  Piute  VI  is  the  skull,  which  will  be  fully 
described  elsewhere,  but  its  main  features  may  be  notified  here. 
This  skull  is  long  and  narrow,  with  tiie  facial  portion  especially 
produced.  The  anterior  part  is  only  moderately  expanded 
tranaversaly,  tlins  differing  from  that  of  l/mlromnrw 
(Dichniua),  a  nearly  allied  form.  Seeit  from  the  side,  the 
altull  of  diaomunts  v.\iovs  a  bbint,  rugose  muzzle,  fornierf 
above  by  the  pr«maxillary  and  below  by  tlie  prcdentary,  Iiolh 
probably  covered  in  life  with  a  thick,  corneous  integument. 

Behind  the  upper  part  of  this  muzzle  is  an  enormous  tuterul 
cavity,  which  iucitides  the  nartal  oritice,  but  was  evidently  occu- 
pied in  life  mainly  by  a  nasal  gland,  somewhat  like  that  in  the 
existing  Monitor,  and  also  seen  in  some  Birtle,  This  cavity  if 
bounded  externally  by  the  nasal  bone  and  the  premaxillarv. 
The  orbit  is  very  large,  and  sabtriaogular  in  outline.  It  is 
formed  above  by  the  prefrontal.  frontS,  and  postfrontal,  and 
below  mainly  iiy  llie  jugal.  There  are  no  enpra-orhital  hones, 
A  distinct  lachrymal  forma  a  portion  of  the  anterior  bordiT. 
The  tnfra-tenijMi'al  fossa  is  large,  and  bounded  below  bvtlie 
jngid.  There  is  a  thin  tjuadrato-jumil  between  the  jngai  uid 
onadratc.  The  occipital  condyle  is  directed  backward  iind 
downward. 

The  nasals  are  very  long  and  slender,  and  in  front  sre 
scpnrnted  by  the  n;in-ow  superior  procesriC?  of  the  pri'tiisi:- 
illaries.  The  frontals  are  short  and  broad,  and  somcnki' 
concave  above.  The  parietals  are  tirmly  coiissified,  and  very 
small,  forming  a  thin  partition  between  the  snpra-temjKiril 
foBSd'.  The  latter  are  bounded  posteriorly  by  the  uiassive 
squamosals,  which  contain  a  deep  cavity  for  the  head  of  the 
([uadrate,  iind  also  overlap  the  exoccipitals. 

The  striking  features  of  the  lower  jaw  are  the  massive, 
rugose  predentary,  the  large  and  powerful  dentary  bone  witb 
its  robust  coronoid  procoas,  and  the  very  small  angular  ami 
articular  bones. 

The  teeth  are  confined  entirely  to  the  maxillary  and  dentin' 
bones.  They  cioscly  resemble  those  of  Ilmlronu iirm,  are 
arranged  in  the  same  manner,  and  appear  to  be  ct|iia!'v 
iiumeroup.t  They  were  well  adapted  to  a  diet  uf  soft  succulent 
vegetation. 

•Tliit  .rniiriiBl,  vol.  sxjii.  p,  J23,  May,  1830;  vol  \\\\\.  p,  453,  Maj,  !»»! 
Hnd  vt>l.  iliv,  p.  Ill,  Aiiiriisl,    1N!*2. 

+  The  (losLTlplion  pivfn  by  Cofie  o(  llie  skiill  of  UadroMiiriu  [DiclonifU)  nn™ 
ilin,  Leiiiy,  is  L'rroiieoiis  in  vnrious  itiiponual  points.  Among  (he  more  MfiiM 
errora  ore  tlie  Follouiiig:  the  predentary  bone  is  miatiibGii  for  the  dentu/,  It 
deutuiy  U  regnrde<I  ua  the  suranj^ulsr  and.  aa  the  sploaial,  while  tlie  squamuxil 
Mlleil  tho  putiotnl.    Soo  VroQ.  I'liil,  AbmL.  1883,  p.  B7,  pUtes  iv-vii. 
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The  main  characters  of  the  vertebral  colomn  of  Claosaurus 
are  well  shown  in  the  restoration.  There  are  thirty  vertebrffi 
between  the  skall  and  sacrum,  nine  in  the  sacrum,  and 
about  sixty  in  the  tail.  The  whole  vertebral  column  was 
found  in  position  except  the  terminal  candals,  which  are  here 
represented  in  outline.  The  cervical  vertebrae  are  strongly 
opisthocoelian,  and  the  first  eleven  have  short  ribs.  The 
dorsals  are  also  opisthocoelian.  There  are  no  true  lumbar 
vertebrsB,  as  the  last  of  those  in  front  of  the  sacrum  support 
free  ribs.  The  anterior  caudals  are  opisthocoelian.  The  first 
and  second  have  no  chevrons.  Behind  these,  the  chevron 
bones  are  very  long,  indicating  a  powerful,  compressed  tail, 
well  adapted  for  swimming. 

In  the  median  dorsal  region,  between  the  ribs  and  the 
neural  spines,  are  numerous  rod-like  ossified  tendons,  which 
increase  in  number  in  the  sacral  region  and  along  the  base  of 
the  tail,  and  then  gradually  difninish  in  number  and  size, 
ending  at  about  the  thirty-fifth  caudal.  These  ossified  tendons 
are  well  shown  in  the  restoration,  and  are  of  much  interest 
They  are  not  unlike  those  in  Iguanodon  described  by  DoUo, 
but  as  a  rule  are  more  elongate,  and  appear  to  lack  the  definite 
arrangement  in  rhomboidal  figures  observed  in  that  genus.* 

The  fore  limbs  are  unusually  small  in  comparison  with  the 
posterior,  and  the  relative  size  of  the  two  is  well  shown  in 
the  restoration.  The  scapular  arch  presents  many  points  of 
interest.  The  scapula  is  large,  and  so  much  curved  that  its 
shaft  is  nearly  at  right  angles  to  the  articular  faces  of  its  lower 
extremity.  On  the  anterior  margin,  above  the  articulation  for 
the  coracoid,  is  a  strong  protuberance,  with  a  well-defined  facet, 
adapted  to  the  support  of  the  clavicle,  if  such  a  bone  were 

{)re8ent.  The  coracoid  is  very  small,  and  is  perforated  by  a 
arge  foramen.  The  two  peculiar  bones  now  generally  re- 
garded as  belonging  to  the  sternum  were  not  coossified. 

The  humerus  is  comparatively  short  The  radius  and  ulna 
are  much  elongated,  the  latter  being  longer  than  the  humerus, 
and  the  radius  about  the  same  length.  The  ulna  has  a 
prominent  olecranon  process,  and  is  a  stouter  bone  than  the 
radius.  The  carpal  bones  were  Quite  short,  and  appear  to  have 
been  only  imperfectly  ossified.  The  fore  foot,  or  manus,  was 
very  long,  and  contained  three  functional  digits  only.  The 
first  digit  was  rudimentary,  the  second  and  third  were  nearly 
equal  in  length,  the  fourth  was  shorter  and  less  developed,  and 
the  fifth  entirely  wanting,  as  shown  in  Plate  VI. 

In  the  functional  digits  (II,  III,  IV),  the  phalanges  are 
elongate,  thus  materially  lengthening  the  fore  foot.  The  ter- 
minal phalanges  of  these  digits  are  broad  and  flat,  showing 

♦  Archives  de  Biologie,  tome  vii,  p  249,  Gand,  1886. 
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that  tliej  were  wverpd  with  lioofn,  and  not  with  claws.  TLc 
liml}  ae  a  whole  was  thus  adapted  to  locomotion  or  euppurl 
and  not  at  all  for  jirehension,  although  this  might  have  lieen 
expected  from  its  email  size  and  position. 

The  elongation  of  the  fore  arm  and  manna  in  a  peculiar 
feature,  especially  when  taken  in  connection  with  the  nngulate 
phalanges.  It  mav,  perhaps,  be  explained  by  supposing  that 
the  animal  gradually  aasunied  a  more  erect  ooaition  until  it 
became  esst'iitially  a  hipud,  while  the  fore  limbe  retained  in  a 
measure  their  primitive  function,  and  did  not  beco4iiu  prelieii- 
eile,  which  was  the  cai<e  in  some  allied  forms. 

The  pelvis  has  already  tieen  deecribed  by  the  writer,  Ite 
iDoet  notable  features  are  seoii  in  the  pubis  and  ischium,  the 
former  having  a  very  large  expanded  prepubis  with  tlio 
postpubis  rudimentary,  while  the  sliaft  of  the  ischium  i* 
greatly  elongated. 

Tlie  femur  is  long,  and  the  shaft  nearly  Btraight,  The  great 
truchunter  is  well  developed,  while  the  third  troclianter  is  largv 
and  near  the  middle  of  the  sliaft.  The  external  condyle  of 
the  distal  end  'i»  projected  well  backward,  indicating  great 
fi-eedom  of  motion  at  the  knee. 

The  tibia  is  shorter  than  the  femur,  and  has  a  promiueni 
enemial  crest  The  distal  end  is  much  flattened,  and  tbe 
ustragalns  is  closely  adapted  to  it  The  fibula  is  very  etraigbt, 
with  it«  lower  end  flattened  and  closely  applied  to  the  front 
of  tlic  tibia.  The  calcanenm  is  large,  with  its  concave  upper 
surface  elosely  fitted  to  the  end  of  the  fibula.  Of  the  secoiiil 
raw  of  tarsals,  only  a  single  one  appeare  to  be  ossified,  und 
that  is  very  sinall  and  thin,  and  placed  between  the  calcaneam 
and  the  fourtli  metatarsal,  nearly  or  quite  out  of  eight. 

The  hind  foot,  or  pes,  had  but  three  digits,  the  second,  third, 
and  fonrth,  all  well  developed  and  massive.  The  terminal 
phalanges  were  covered  with  broad  hoofs.  The  first  and  liftli 
digits  were  entirely  wanting. 

All  the  limb  bones  in  Cl^iosaui'M^  are  solid,  thus  distinguish- 
ing it  froH]  //uih-osaiiruM.  The  separate  iscbinra,  not  eoiissitied 
with  the  pubis,  the  absence  of  a  fourth  digit  in  rlie  hind  fwtt, 
and  other  marked  charactei's,  also  make  the  genus  distiout 
from  Pt':'ojwhj.i;  the  skull  of  which  is  not  known. 

The  reptile  here  restored  w.is  nearly  thirty  feet  in  leBf,'th 
wl.L'h  ;iliv,..  and  ■Ahnn\  llftvori  in  ht-l-lit  In  tli,;  |.u.itioii  rmre- 
.<ri\wd  hi  I'l.dvr  \L  Th<=  JcuHiii^.  w,;je  „lit;li[icd  by  Mr.  .1.  E. 
Hatcher  and  Mr.  A.  f,.  Sulliris.  in  the  Ccratups  beds  of  tiie 
Laramie,  in  Wymniiig.  Among  the  associated  fossils  are  flie 
gigantic  I'r'iccrntdjis  and  ToroKUurim,  which  were  also  iierbiT- 
orous  Dinosaurs,  and  with  theui  were  found  the  diminiillve 
Cretaeeons  niamujals  recently  described  by  the  writer. 
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Ceratosaurua^  Marsh,  1884.* 

In  the  same  horizon  of  the  Jurassic  in  which  Brontosaur^is 
nd  Stegoaarus  were  found,  the  skeleton  restored  in  Plate  VII 
ras  likewise  discovered.  It  is  a  typical  carnivorous  Dinosaur 
f  moderate  size,  and  doubtless  was  one  of  the  various  enemies 
f  the  large  herbivorous  forms.  The  restoration  represents 
be  reptile  one-thirtieth  natural  size,  and  in  a  position  it  must 
ave  frequently  assumed. 

The  skull  of  Ceratoaaurua  iiaaicarnia  is  very  large  in 
roportion  to  the  rest  of  the  skeleton.  The  posterior  region 
I  elevated,  and  moderately  expanded  transversely.  The  facial 
ortion  is  elongate,  and  tapers  gradually  to  the  muzzle.  Seen 
rom  above,  the  skull  resembles  in  general  outline  that  of  a 
rocodile.  The  nasal  openings  are  separate  and  lateral,  and 
re  placed  near  the  end  of  the  snout,  as  shown  in  Plate  VII. 

Seen  from  the  side,  this  skull  appears  Lacertilian  in  type, 
le  general  structure  being  light  and  open.  From  this  point 
f  view,  one  special  feature  of  the  skull  is  the  large,  elevated, 
•enchant  horn-core  situated  on  the  nasals.  Another  feature  is 
le  large  openings  on  the  side  of  the  skull,  four  in  number, 
'he  tirst  of  these  is  the  anterior  nasal  orifice ;  the  second,  the 
ery  large  triangular  antorbital  foramen ;  the  third,  the  large 
val  orbit;  and  the  fourth,  the  still  larger  lower  temporal 
pening. 

The  parietal  bones  are  of  moderate  size,  and  there  is  no 
arietal  foramen.  The  median  suture  between  the  parietals  is 
bliterated.  The  frontal  bones  are  rather  short,  and  are 
losely  united  on  the  median  line.  The  nasal  bones  are  more 
longaf;e  than  the  frontals,  and  are  firmly  cocissified.  These 
ones  support  the  large,  compressed,  elevated  horn-core,  on 
lie  median  line.  The  lateral  surface  of  this  elevation  is  very 
Qgose,  and  furrowed  with  vascular  grooves.  It  evidently 
npported  a  high,  trenchant  horn,  which  must  have  formed  a 
lost  powerful  weapon  for  offense  and  defense. 

The  premaxillaries  are  separate,  and  each  contained  three 
unctional  teeth.  The  maxillary  bones  are  large  and  massive, 
s  shown  in  Plate  VII.  They  are  provided  each  with  fifteen 
unctional  teeth,  which  are  large,  powerful,  and  trenchant, 
adicating  clearly  the  ferocious  character  of  the  animal  when 
live.  These  teeth  have  the  same  general  form  as  those  of 
\[€galoaau7*u&^  and  the  dental  succession  appears  to  be  quite 
he  same.      Above  the  antorbital  foramen   on  either  side  is 

high  elevation  composed  of  the  prefrontal  bones.  These 
•rotuberances  would  be  of  service  in  protecting  the  orbit, 
^hich  they  partially  overhang. 

*  This  Journal,  vol.  xxvii,  p.  329,  April,  1884;    and  vol.  xxviii,  p.  161,  August, 
884. 
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Tlie  lower  jaws  of  Ceratosaunis  are  large  luirt  powerful, 
especially  in  the  posterior  part.  In  front,  the  rami  are  much 
oomprefiHed,  anil  tlic^  were  joined  togotlier  hy  cartila^fe  onW. 
There  were  tiftut.'ii  teeth  in  cuch  ramus,  similar  in  form  to 
those  of  the  iippur  jaws. 

The  cervical  vortebne  of  Ceratmaurua  differ  in  type  from 
thoee  in  any  other  known  voptilea.  With  the  cjcceptiuu  of  the 
atlas,  all  are  atronj^Iy  opisthoccelian,  tUo  cnp  on  tlie  poHterior 
end  of  each  cuntrntn  being  unasually  deep.  In  place  of  an 
equally  developed  hall  on  the  anterior  end,  there  is  a  pcrfeullv 
flat  onrface.  The  gSz&  of  the  latter  ia  such  that  it  can  only  )k 
inserted  a  short  distance  in  the  adjoining  cup.  This  puciiliar 
articulation  leaves  more  than  three-fourths  of  the  enp  unoccu- 
pied by  the  sHceediug  vertebra,  fonidng,  apparently,  a  we»k 
joint. 

The  dorsal  and  Inmhar  vertebral  are  hi-concave,  with  only 
moderate  concavities.  The  sides  and  lower  snrfaoe  of  the 
centra  are  deeply  excavated,  except  at  the  ends.  All  the  pre- 
sacral verhihnt'  are  very  hollow,  and  thi«  is  also  true  of  tlie 
anterior  caiidals. 

There  are  five  well  coiissiSed  vortobrie  in  the  sacrntii  of  ttic 
present  specimen  of  Cet^toaaarMti  7iaaicornis.  The  transverse 
proceswes  iirc  very  short,  each  supported  by  two  vertebra*,  auii 
they  do  not  meet  at  their  distul  ends.  Thu  caudal  vertebtfc 
arc  hi-concuve.  AH  the  anterior  caudale,  except  the  first,  atp 
ported  very  long  chevrons,  indicating  a  high,  thin  tail,  well 
adapted  to  Bwimniinfi.  The  tail  was  quite  long,  and  the  <listal 
CRiidals  were  very  short. 

The  scapular  arch  of  Veralosuurua  is  of  moderate  size,  but 
the  fore  limbs  are  very  email.  The  hniuerus  is  sburt,  wilii  a 
strong  radial  creBt.  The  radius  and  ulna  are  also  very  short. 
and  nearly  equal  in  size.  The  carpa!  bones  were  only  iiiipiT- 
fectly  ossilied.  There  were  fonr  digits  in  the  fore  foot,  anJ 
all  were  urmed  with  sharp  claws.  The  second  and  third  digii* 
were  much  larger  than  the  first  and  fourth,  and  the  tiftb  wa;^ 
entirely  wanting. 

Tlie  jjclvic  arch  of  C'eratrntutrus  is  of  special  interest.  !ii 
the  type  siipcimeii  Iiltc  restored,  the  ilium.  i^i-liiii'M,  n'i'\  |>iiliip. 
on  each   side,  iire  tiruily  codssitied.      Tin-   'l;  ■.  mi',  are 

attached  to  the  sacnmi,  which  was  iii   I'l  ■■      "'i  ■:..  Ictrjii. 

The  ilia  have  the  aame general  form  as  in  .1/.^/ ;/  •■  "■  /..  The 
iscliia  are  comparatively  slender.  They  projct^t  woll  hnckv^^anJ. 
and  for  the  last  half  of  their  length  the  two  arc  in  close  app"- 
sitioii.  Their  distal  ends  are  coossitiod  and  expanded,  as  ^homi 
in  I'lufL'  VIT. 
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The  pubes  have  their  distal  ends  coossified,  and  expand  into 
1  elongate,  massive  foot,  which  is  one  of  the  most  character- 
tic  parts  of  the  skeleton.  It  is  probable  that  this  foot  in 
)nnection  with  the  distal  ends  of  the  ischia  served  to  support 
le  body  in  sitting  down.  That  some  Triassic  Dinosaurs  sat 
3wn  on  their  ischia  is  proved  conclusively  by  the  impressions 
I  the  Connecticut  River  sandstone.  In  such  cases,  the  leg 
as  bent  so  as  to  bring  the  heel  to  the  ground.  The  same 
»tion  in  the  present  reptile  would  bring  the  foot  of  the  pubes 
\  the  ground,  nearly  or  quite  under  the  center  of  gravity  of 
le  animal.  The  legs  and  ischia  would  then  naturally  aid  in 
3eping  the  body  balanced.  Possibly  this  position  was  assumed 
ibitnally  by  these  ferocious  biped  reptiles,  in  lying  in  wait 
►r  their  prey. 

The  femur  is  much  curved,  and  the  shaft  very  hollow.  The 
bia  is  shorter  than  the  femiir,  nearly  straight,  and  has  a  large 
lemial  crest.  The  astragalus  is  not  coossified  with  the  tibia, 
id  has  a  strong  ascending  process.  The  fibula  is  well  devel- 
")ed,  and  nearly  straight,  its  distal  end  fitting  into  the  cal- 
ineum.  The  tarsals  of  the  second  row  are  very  thin,  and 
lited  to  the  metatarsals  below  them. 

The  most  interesting  feature  in  the  extremities  of  this 
dinosaur  is  in  the  metatarsal  bones,  which  are  completely 
itylosed,  as  are  the  bones  of  the  pelvis.  There  are  only 
iree  metatarsal  elements  in  each  foot,  the  first  and  fifth 
iving  apparently  disappeared  entirely.  The  three  metatar- 
ils  remaining,  which  are  the  second,  third,  and  fourth,  are 
roportionally  shorter  and  more  robust  than  in  the  other 
nown  members  of  the  Theropoda^  and  being  firmly  united 
>  each  other,  they  furnish  the  basis  for  a  very  strong  hind 
>ot.  The  phalanges  of  the  hind  feet  are  of  moderate  length, 
id  most  of  them  are  quite  hollow.  The  terminal  phalanges 
/idently  supported  strong  and  sharp  claws. 

The  unique  cervical  vertebrae,  the  coossification  of  the  pelvic 
3nes,  and  the  union  of  the  metatarsals,  as  in  modern  Birds, 
istinguish  Ceratosaurus  widely  from  all  other  Dinosaurs,  and 
lake  it  the  type  of  a  well-marked  family,  the  Ceraiosauridw, 
he  nearest  allied  form  is  apparently  Ornithomimus^  from  the 
aramie,  recently  described  by  the  writer. 

The  type  specimen  of  Ceratosaurus  was  about  twenty-two 
jet  long  wheil  alive,  and  twelve  feet  high  as  here  restored. 
;  was  found  by  Mr.  M.  P.  Felch,  in  the  Atlantosaurus  beds 
F  the  upper  Jurassic  in  Colorado.  The  associated  foasil's  were 
lainly  other  Dinosaurs,  especially  Sauropoda  and  Ornithopoda^ 
►gether  with  various  small  mammals. 

New  flaven,  Conn.,  September  22,  1892. 
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Aht.  XLIII. —  /ifjiloration  nf  Ma»tofi*m  Am&rirnmni,  Cnvitr; 
hy  O    0.  Mabsu.     [With  Piate  VIII.) 

The  greiil^  nbiindancu  and  {^dod  preservation  of  the  reinsins 
of  tho  American  Mantoffoji  nave  led  to  varions  restorations  of 
the  skeleton.  The  beat  known  of  these  is  thai  made  by  Prof. 
Richard  Owen,  in  lti4fi,  baeed  upon  a  elteleton  from  Missouri 
now  in  the  Briti»)i  Musoiini.*  Another  restoration  was  lutif 
a  few  yeara  Inter  by  Dr.  .1.  C  Warren,  baaed  mainlj  on  a  very 
perfect  akoloton  from  Orange  county,  New  York-f  Tliis 
skeleton  is  now  preserved  iu  the  Warren  Miisciiiu  in  Boslon. 
A  third  rcBtoration  was  made  by  Prof  James  Hall,  from  a 
skeleton  found  sit  Cohoes.  New  York,  and  now  in  the  State 
Musenin  of  jVatiiriLi  History,  in  Albany-^  These  restorationa 
are  all  of  imporlanee,  and  taken  together  have  made  clear  to 
anatomists  nearly  all  the  essential  features  of  the  skeleton  of 
this  well-known  species. 

Additional  diseovoriea  have  einee  brought  to  light  more 
perfect  HiieeimenH,  one  of  which,  now  in  the  Tale  Museum,  is 
perhaps  in  the  best  preservation  of  any  skeleton  of  thi-  Ameri- 
can Mastodon  yet  discovered,  and  this  has  been  naed  by  llie 
writor  ill  the  rostoi-ation,  one  thirty-second  natural  size,  given  on 
Plate  YI,  which  is  reduced  from  a  lar^  drawing  made  for  | 
the  United  States  UooloKical  Survey.  i 

The  nosition  chosen  m  this  r«8toration  is  one  which  aeenu  I 
eH|ieeialIy  Htted  to  bring  out  the  massive  proportions  of  ibe 
atiitnal,  and,  at  the  Ranie  time-,  to  «hnw  nearly  all  the  chiinic- 
teristic  fentnres  of  the  entire  skeleton.  The  animal  as  tliiif 
represented  was,  when  alive,  about  twelve  feet  in  height,  ami 
perhaps  twcnty-fonr  feet  in  length  including  tiie  tusks. 

This  animal  was  fnlly  adnlt,  as  the  last  molars  al>ove  and 
below  arc  in  place  and  somewhat  worn.  The  epiphyses  of 
the  vertobrii',  moreover,  are  nearly  all  coiissified  with  tin' 
centra,  and  in  some  of  them,  the  sutures  are  obliterated.  Tlip 
epiphyses  are  also  tirnily  united  to  the  limb  bones. 

The  tusks  were  very  large,  and  considerably  divergtrit. 
There  were  uo  inferior  tusks,  and  no  traces  of  their  al'venli 
remain.  The  ]iennltiniale  and  last  molars  are  present  abuvc 
:inil   lii-liiw  iu  tine  preservation,  the  former  considerably  worn. 

ntbiM-  liMtures  I'f  this  skeleton,  and  especially  the  vanmis 
THiw  ;iiiatoiiiieal  points  it  discloses,  will  be  discussed  by  tlic 
writer  in  another  <'Oiiiniunication. 


THE 


AMERICANJOURNAL  OF  SCIENCE 


[THIRD   SERIES.l 


-♦♦♦- 


Art.  XLIV. —  Unity  of  the  Glacial  Epoch  ;  by  G.  Frederick 

Wright. 

A  DISTINCTION  between  upper  and  lower  "  drift  deposits '' 
had  been  observed  some  time  before  Mr.  CroU  and  Professor 
James  Geikie  formulated  their  plausible  theory  that  the  ellip- 
ticity  in  the  earth's  orbit  was  the  cause  of  the  great  ice  age. 
But  the  publication  of  that  theory  with  the  exceedingly  able 
advocacy  of  two  so  capable  and  eminent  authorities  gave  the 
subject  such  prominence  that  evidences  of  successive  glacial 
epochs  have  since  been  sought  for  in  every  land,  while  much 
of  that  adduced  has  been  allowed  to  pass  without  as  close 
scrutiny  as  would  seem  desirable.  As  I  have  had  occasion 
frequently  to  review  mach  of  this  evidence  both  in  field 
explorations  and  in  the  literature  of  the  subject,  it  may  help  to 
a  better  understanding  of  the  matter  to  give  somewhat  fully 
the  results  of  my  observations  and  study  in  this  direction.  1 
would  premise,  however,  that  I  shall  discuss  merely  the  glacial 
phenomena  of  the  post-tertiary  epoch.  With  the  supposed 
evidence  of  glacial  periods  in  earlier  times,  this  paper  nas  no 
concern  except  in  a  very  general  way. 

At  the  outset,  a  question  will  arise  as  to  what  is  meant  by 
an  "  interglacial  epoch."  The  answer  to  this  may  show  that 
some  who  discuss  the  subject  are  merely  considering  the  mean- 
ing of  a  word.  If  every  temporary  recession  of  the  ice  front 
is  looked  upon  as  an  interglacial  period  there  can  be  no  ques- 
tion that  there  have  been  not  merely  two  but  a  great  many 
periods  in  close  succession.  But  the  position  of  most  who 
advocate  a  succession  of  glacial  epochs  is  that  the  continental 
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glacier  retreated,  during  the  interglacial  epoch,  to  ench  an 
extent  that  the  glaciated  area  was  as  free  from  ice  as  it  ia  it 
the  present  time  ;  and  that  sabeeqiientl^  the  conditions  were 
repeated  and  there  was  a  re-advance  to  nearlj^  the  farthest 
limit  of  the  previous  movement.  It  is  this  view  of  the  ease 
which  is  advocated  eo  vigoroasij,  in  this  country  liy  Professor 
Ohamberliii  aud  some  of  Lis  associates  on  the  United  Statee 
Geological  Survey,  and  by  Professor  -fames  (icikie  in  Scotland, 
Professor  WauschafEe  in  Gorinany,  Baron  Do  Geer  in  Sweden 
and  others.  In  discussing  the  problem  it  will  be  natnral  for 
me  to  give  special  prominence  to  the  facts  of  the  American 
field,  and,  with  all  respect  to  individnals  mentioned,  totlte 
discussions  and  reports  of  roj  aasouiates  in  the  explorations  of 
this  country.  But  I  will  not  wholly  jieglect  the  facta  of  otLer 
lands. 

Ill  approaching  the  subject  it  is  important  to  notice  the  t»cl 
that  Professor  Chamberlin  inaugurated  his  induction  as  di- 
rector of  the  glacial  division  of  the  United  States  Survey  bj 
publishing  a  monograph  on  "The  Terminal  Moraine  of  tlie 
Second  Glacial  Epoch, '  thus  assuming  the  truth  of  his  theory 
in  the  title.  In  the  introduction  to  this  paper,  however, 
nothing  coiild  be  more  indicative  of  the  proper  spirit  with 
which  to  enter  upon  the  diecasKion,  or  nothing  more  cordial!}' 
welcoming  discussion,  than  the  following  remarks  : 

"Perhaps  no  department  of  geological  inveetigation  hu 
greater  need  of  carefal  discrituination  than  that  which  deal* 
with  the  complex  deposits  of  the  Quaternary  age.  Most 
foruiLitions  betray  their  origin  in  their  salient  characterifeticj, 
but  those  of  the  Quaternary  age  arc  apparently  capable  of 
diverse  interpretation  if  their  ji^eneral  nature  alone  is  coii' 
sidered.  It  is  only  by  critical  discrimination  of  their  speeini 
and  often  quite  unobtrusive  features  that  they  can  be  deci- 
sively referred  to  the  several  agencies  that  prodnced  them, 
Most  formations  owe  their  origin  to  the  action  of  some  oue 
dominant  agency.  The  Quaternary  deposits  are,  on  the  con- 
trary, the  product  of  a  combination  of  agencies,  the  relative 
worlt  of  which  is  often  distinguishable  only  with  difficnltv. 
In  tlii:se  discriminations  the  individual  jiidgraeut  of  the  invet- 
tipiiliir  pliiys  an  important  part.     The  influence  of  personsl 

fi'rtlis|)(isiti(in,  tlieivfore,  is  here  liable  to  be  moat  fjravely  felt. 
'ri>liii))ly  li'i  invcstitjator  is  entirely  free  from  the  influence  of 
lii^  dvii  ii]v-.'..'i.'c]itiim6  and  inethods  of  interpretations.  He, 
pii  li  I"  .  >.\  liu,  while  <liily  appreciating  these  influences 

mill  'I'lung  checks  for  their  correction,  franklv 

snlirii'!-  In-  iiii.tlii.ds  of  interpretation  to  the  correction  i>f 
othois." 
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That  Professor  Chamberlin  has  kept  his  mind  open  to 
farther  light  is  abundantly  evident  by  comparing  his  account 
of  ^^  the  terminal  moraine  of  the  second  glacial  epoch,''  in  this 
preliminary  paper,  with  that  which  appears  in  his  later  publi- 
cations, while  at  the  same  time  such  a  comparison  is  suggestive 
of  possible  mistake  in  his  whole  interpretation  of  the  facts 
bearing  on  the  duality  of  the  epoch.  In  this  preliminary 
monograph  (see  pp.  322-326)  the  moraine  is  maae  to  corre- 
spond with  the  kettle  moraine  of  Wisconsin,  and  to  hug 
tne  southern  shore  of  Lake  Michigan,  but  in  the  Seventh 
Annual  Report  of  the  U.  S.  G.  Survey  the  later  glacial  drift  is 
carried  down  to  Bloomington  more  than  a  hundred  miles 
farther  south,  while  at  the  latest  date  Mr.  Leverett  (Am.  Geol. 
July,  1892,  p.  23)  specially  deputed  by  Professor  Chamberlin 
to  look  after  the  moraines,  draws  his  later  moraine  line  one 
hundred  miles  still  farther  south,  through  Litchfield,  Hillsboro, 
Pana,  Shelbyville,  Mattoon,  Charlestown,  Paris  and  Terre 
Haute.  From  other  information  I  have  evidence  that  proba- 
bly this  moraine  will  have  to  be  carried,  at  least,  twenty-live 
miles  still  farther  south  to  Greenville,  which  will  be  less  than 
80  miles  from  the  extreme  limit  of  glaciation  as  determined 
by  me.  From  this  it  seems  not  unlikely  that  in  the  near 
future  the  closer  observation  which  has  found  an  exterior 
moraine  200  miles  farther  south  than  was  at  first  supposed  to 
mark  the  limit  of  the  second  age,  may  carry  it  fifty  or  sixty 
miles  farther  south  still,  which  would  be  all  that  it  is  necessary 
to  make  the  extreme  boundary  stand  related  to  the  moraine 
there  as  it  does  throughout  the  eastern  part  of  the  Mississippi 
Valley.  This  result  is  the  more  likely  to  occur  since  for  a 
hundred  miles  or  more  the  whole  border  of  the  glaciated  area 
in  the  valley  of  the  Mississippi  is  so  deeply  covered  with 
loess  that  the  determination  oi  moraine  deposits  is  peculiarly 
difficult.  Mr.  Leverett  has  already  found  twelve  receding 
moraines  in  Ohio — the  outer  one  extending  to  within  a  few 
miles  of  the  glacial  boundary.  When  as  many  are  found  in 
Illinois  it  will,  at  the  existing  rate  of  separation,  carry  the  line 
as  near  the  border  in  that  State. 

The  facts  pointing  toward  a  separation  of  the  glacial  period 
into  two  distinct  epochs  are  thus  stated  by  Professor  Cliam- 
berlin  in  his  monograph  on  the  Driftless  Area  (pj).  214,  215). 
'*  The  earlier  drift  is  characterized  in  the  interior  basin,  [1.]  by 
a  wide  but  relatively  uniform  distribution,  manifesting  only 
occasional  and  feeble  tendencies  to  aggregation  in  morainic 
ridges.  [2.]  It  is  not  bordered,  except  in  rare  instances,  by  a 
definite  terminal  moraine,  but  ends  in  an  attenuated  border. 
[3.]  It  is  not  characterized  by  the  prevalence  of  prominent 
drumlins  or  other  similar  ridged  aggregations.     [4.]  The  phe- 
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iiomona  of  glacial  erosion  connected  with  it  lire  gencnillT 
feel'lo,  Glucial  etriii!  are  indeed  present,  even  in  the  peripbe- 
ral  portion,  but  tlit-  «iirfaee  uf  the  rock  is  not  nenall;  exten- 
sively planed.  IS.]  The  whole  aspect  of  the  deposit  indicates 
an  agency  wbicii  spread  the  drift  over  the  t^urface  amoothlj, 
(Uid  relativuly  pently,  with  little  foreeful  action.  The  dniinif!;e 
phdiioiMvna  ATV  also  of  th«  gentle  order.  We  have  yet  failed 
to  find  evidence  of  \(iry  vigorous  drainage  connceted"  witli  ihe 
older  drift  of  the  interior  ha»in  except  in  'jiMire  and  kama, 
whose  conditions  of  formation  were  exceptional,  hut,  on  tte 
contrary,  abundHnt  proof  of  eiow-nioving  waters  and  imper 
feot  drainnge,  indicating  low  slope  of  the  surface, 

"The  later  glacial  epoch,  on  tiie  o/)ntr»ry,  wtw  characterized 
by  strong  glacial  action,  planing  tlie  rock  aurfaec  vigorously, 
even  Dp  to  the  very  limit  of  its  advance.  The  glaciers  ploughed 
np  immenae  inorainee  aliont  their  edges  except  on  smooth  plaias 
wliose  elone  waa  away  from  the  ice  movement.  The  draina^ 
was  usually  vigorona,  and  imm^nHe  trains  of  glacial  gravel 
stretch  away  from  the  margin  of  the  ico^hoct,  reaching  gmit 
distances  down  the  valleye  and  frequently  filling  them  to  great 
depths  with  well  aA8ortcd  material.  The  vigorous  action  of  the 
glaciera  of  the  second  epoch  and  the  rapid  drainage,  in  gtnentl  : 
Btand  in  ujarkcd  contrast  with  the  gentle  action  and  imperfect 
drainage  of  the  earlier  epoch.  One  of  the  conditions  thai 
determined  the  distinction  was  probably  the  difference  in  ele- 
vation that  characterized  the  two  epochs. 

"The  interval  between  these  two  leading  epochs  we  n>e:»rd 
as  the  chief  intergiacial  epoch,  representing  a  greater  lapse  of 
time  and  a  greater  change  in  the  dynamic  agencies  of  the  a^ 
than  the  several  other  intergiacial  intervals,  or  episodes  of  de- 
giaciation,  which  mark  the  complicated  history  of  the  ice  sga 

(j.  "  As  belonging  to  the  earlier  glacial  epoch,  we  recogniM 
two  drift  sheets  that  have  been  described  by  the  geologists  of 
the  respective  states  as  occnrring  in  Southwestern  Ohio,  South- 
ern Indiana,  Central  and  Southern  Illinois,  Eastern  and  Sonth- 
eru  Iowa,  Northern  Missouri,  Eastern  Nebraska,  and  South- 
eastern  Minnesota. 

"Between  these  occur,  at  numerous  points,  vegetal  and  fer- 
ruginous acciiniulations,  and  other  evidences  of  a  non-glacial 
interval.  To  this  horizon  beloni;  the  larger  number  of  deposits 
described  nnder  the  term  'old  forest  bed,'  but  very  many 
vegetal  deposits  so  referred  do  not,  in  our  judgment,  belong 
there,  but  are  referable  to  several  distinct  horizons."  / 

7.  Another  supposed  proof  of  a  glacial  period  long  preced- 
ing that  during  which  the  moraine  of  the  so-called  "second 
glacial  epoch"  was  deposited  is  the  greater  oxidation  of  the 
glacial  drift  south  of  this  moraine.     This  is  prominently  men- 
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bioned  by  Professor  Salisbury  as  among  the  features  "long 
rince  recognized  by  Professor  Chamberlin  "  and  which  "  have 
t>een  made  use  of  by  him  and  his  assistants  in  iield  determina- 
tion." (Bull.  Geol.  Soc  Am.,  vol.  iii,  pp.  181,  182.  Also  An- 
nual Report  of  the  State  Geologist  of  New  Jersey  for  1891, 
f)p.  103-108.)  Contrasting  the  earlier  with  the  later  drift  as 
jeen  at  Little  York,  Oxford  Furnace,  High  Bridge  and  Patten- 
yvLTg  (points  from  three  to  fifteen  miles  south  of  the  moraine  as 
aid  down  by  the  New  Jersey  Report  of  1878),  Professor  Salis- 
t)ury  says,  ''While  the  one  exhibits  oxidation,  leaching  and 
iisintegration  in  an  advanced  stage  of  development  even  to  its 
t)ase,  wnere  it  is  thirty  feet  thick,  the  other  has  not  suffered 
oxidation  and  leaching  on  any  such  scale  as  to  make  them 
apparent  more  than  two  or  three  feet  from  the  surface,  and 
the  softest  and  most  easily  disintegrated  varieties  of  rock  often 
present  a  degree  of  freshness  which,  so  far  as  the  eye  can  see, 
might  characterize  masses  of  rock  worked  out  of  their  parent 
ledges  within  the  memory  of  living  men.  We  hold,  there- 
fore, that  this  extra-morainic  drift  represents  the  remnant  of  a 
drift  covering  once  much  more  extensive  and  more  uniformly 
present  than  now,  and  that,  like  the  drift  in  and  north  of  the 
great  terminal  moraine,  it  was  formed  by  an  ice  sheet,  but  by 
an  ice  sheet  which  overspread  New  Jersey  much  earlier  than 
that  which  made  the  terminal  moraine  and  the  main  body  of 
drift,  which  lies  north  of  it."  (N.  J.  Ann.  Rep.  1891,  p.  105.) 
Similar  remarks  are  repeated  in  even  more  confident  tone  in 
the  Bulletin  of  the  Geological  Society  already  referred  to. 

8.  Another  indication  of  the  great  separation  in  time  be- 
tween the  first  and  the  second  glacial  period,  adduced  by 
Professor  Chamberlin,  presents  itself  in  the  extent  of  erosion 
which  he  supposes  to  have  taken  place  in  the  river  valleys  ex- 
tending southward  from  the  glaciated  area,  since  the  upper 
terraces  containingglacially  transported  material  were  formed. 
(Some  Additional  Evidences  bearing  on  the  Interval  between 
the  Glacial  Epochs,  Bull.  Geol.  Soa  Am.,  vol.  i,  pp.  469-480.) 
In  the  Mississippi  Valley  the  upper  terrace  assigned  by  Pro- 
fessor Chamberlin  to  the  first  glacial  period  consists  of  the  fine 
silt  or  loess  deposited  on  blufiEs  about  200  feet  above  the  present 
river  bottom.  Between  the  deposition  of  this  silt  and  the  sec- 
ond glacial  epoch,  according  to  Professor  Chamberlin,  a  trench 
about  300  feet  in  depth  and  about  sixty  miles  wide  was  eroded 
by  the  Mississippi  all  the  way  from  Cairo  to  the  Gulf,  "  with 
corresponding  erosion  trenches  along  the  upper  branches  dur- 
ing the  interval  between  the  two  epochs"  (p.  471).  In.  the 
upper  Ohio  valley  these  high  level  terraces  correspond  to  what 
I  had  assigned  to  the  effects  of  the  supposed  glacial  dam  at 
Cincinnati.     In  the  valleys  of  the  Susquehanna  and  the  Dela- 
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ware  tliey  correspond  to  what  Lewis  denomiDated  the  Phila- 
delphia Ked  Gravel  and  Brick  Claje,  and  what  McGee  calls 
Colnnibiii, 

9.  Finally,   strong  confirmatory  evidence  of   a  long   inter- 

f;lacial  epoch  is  supposed  to  come  from  the  desiccation  of  the 
nkcB  which  have  occupied  the  great  arid  ba^in  in  the  United 
States  west  of  the  Rocky  Mountains,  of  which  Lakes  Bonne- 
ville and  Lahontan  are  examples. 

Taking  up  these  points  in  the  order  mentioned  it  may  be 
notice*) — 

1.  That  on  either  tlieory  the  glacial  depo^it^  near  the  ^1a^ 
am  are  the  older,  and  may  be  a  great  deal  older  than  those 
tarther  back.  How  long  the  glacial  conditions  continued  is  an 
open  qnestion,  as  is  also  that  of  how  slowly  it  retreated  dnrin^ 
its  various  stages,  though  it  probably  was  pretty  rapid  as  com- 
pared with  the  advance.  Again,  it  is  as  much  in  place  for  the 
advocate  of  the  unity  of  the  glacial  period  to  suppose  a  snbsi- 
denco  in  the  valley  of  the  MissisGippi  and  elsewhere  at  tte 
time  of  the  climax  and  during  the  earlier  i-etreat,  coupled  nitb 
a  re-elevation  towards  the  clone,  as  for  the  advocates  of  duality 
to  suppose  the  same  earth  moveineuta  in  connection  with  two 
periods.  Therefore  the  "relatively  uniform  distribution"  of 
the  marginal  drift,  may  ttc  accounted  for  on  one  theory  a*  well 
ftft  on  tha  other.  On  either  theory  the  marj^nal  dnft  has  been 
longer  subjected  to  erosive  and  leveting  agencies,  and.  on 
account  of  the  submergence  during  the  climax  of  the  period, 
the  deposition  of  kpssTias  done  much  to  disguise  the  surface 
ffaturo!^.  I  caTi  cite  a  locality  near  Yankton,  S.  Dakota, 
where  the  ori^jinul  irregularity  of  the  morainic  drift  wus  com- 
pletely disguised  by  the  superficial  water  deposits  which  n-ere 
altogether  above  the  reacli  of  any  present  stream.  Kettle 
holes  have  there  been  filled  np  with  silt  and  were  only  re- 
vealed in  the  process  of  obtaining  the  sand  for  comuiercial 
purposes.  At  Sarahsville,'  in  Williamson  County,  Illinois, 
within  a  few  miles  of  the  extreme  border  of  glacial  deposits 
there  is  a  section  showing  ten  feet  of  1(BSS  upon  the  surface 
underlaid  by  twenty  feet  of  till  containing  granitic  bowldere 
two  and  a  half  feet  in  diameter.  (See  my  re|)Ort  in  Bull.  Geol. 
Surv.,  No.  58,  p.  71,  on  Southern  Illinois.)  Until  all  that  region 
is  explored  with  mnch  more  minuteness  than  it  has  been  so  far. 
it  is  proper  to  regard  the  generalizations  which  are  made  about 
it  with  a  good  deal  of  allowance  for  the  personal  equation  of 
the  observer. 

2.  The  fact  that  the  oldest  part  of  the  glaciated  region  "is 
not  honlercd  hy  a  definite  terminal  ntoraine,  but  ends  in  an 
attenuated  border,"  is  only  another  way  of  stating  the  fact 
which  Lewis  and  I  began  to  urge  upon  the  attention  of  the 
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3ablic  ten  years  ago  daring  the  early  part  of  onr  investiga- 
ions.  In  the  map  of  the  glacial  boundary  prepared  for  my 
T^olume  on  The  lee  Age  in  North  America  (p.  175),  the  legend 
:or  the  line  marking  the  border  of  the  glaciated  area  west  of 
Pennsylvania,  is  not  "  terminal  moraine,"  bat  simply  "  southern 
imit  of  the  ice  sheet"  East  of  that  point,  indeed,  a  moraine 
s  marked  as  the  boundary,  bnt  emphatic  attention  is  called, 
3oth  in  my  own  language  and  in  that  of  Professor  Lewis,  to 
;he  probability  that  here  also  an  unexplored  border  of  thinner 
glaciated  material  is  to  be  found  south  of  the  moraine.  (Ice 
Age,  p.  135.)  Recent  observations  enable  me  to  determine 
^he  extent  of  this  "'fringe"  as  we  proposed  to  call  it,  in  the 
Delaware  and  Susquehanna  valleys,  and  to  give  an  entirely  dif- 
ferent interpretation  to  certain  facts  in  that  region  from  that 
proposed  by  Professor  Salisbury  in  support  of  his  theory  of  a 
prolonged  interglacial  period.  Of  this  1  will  speak  under  Xo.  7. 
Suffice  it  here  to  say  that  the  word  "  fringe  "  seems  a  fair  term 
to  apply  to  such  a  bordering  formation  wnose  character  is  still 
in  dispute.  Professor  Chamberlin's  phrase,  "attenuated  bor- 
der," would,  however,  be  equally  good.  But  to  insist  on  call- 
ing it  the  drift  of  the  first  glacial  epoch  is  to  beg  the  whole 
question  in  the  terms  chosen,  and  tends  to  serious  confusion  of 
tne  public  mind  as  to  what  the  facts  really  are.  The  facts  are 
well  stated  in  the  sentence  quoted  from  Professor  Chamberlin. 
Bat  it  would  seem  that  occasionally  in  the  discussion  inferences 
arc  mistaken  for  facts  of  observation.  For  example,  it  is  pretty 
generally  assumed  in  the  discussion  that  originally  there  was  a 
much  greater  amount  of  drift  over  tlie  attenuated  border  than 
there  is  now  and  that  this  has  largely  disappeared  by  erosion. 
But  there  does  not  seem  to  be  adequate  ground  for  this  sup- 
position. A  pronounced  terminal  moraine  is  by  no  means  a 
necessary  result  of  an  ice  occupation.  I^he  extent  of  the  de- 
posits of  till  and  other  morainic  material,  depends  in  large 
measure  upon  the  amount  of  ice  movement  which  has  actually 
reached  a  given  point,  which,  in  turn,  depends  on  the  time 
daring  which  the  front  of  the  ice  remained  stationary  at  a 
given  point.  If  there  was  a  gradual  approach  to  a  given  boun- 
dary and  a  gradual  retreat  after  a  pause  of  moderate  length  we 
coald  not  expect  a  large  accumulation  of  drift.  It  is  too  often 
forgotten  that  the  ice  movement  diminishes  to  zero  at  the  very 
border  and  that  for  some  distance  back  of  the  border  all  the 
effects  of  the  movement  are  specially  feeble.  A  fringe  of 
direct  glacial  deposit  would,  therefore,  seem  to  be  the  normal 
result  near  the  .  border.  By  "  fringe "  is  meant  an  "  atten- 
uated border"  of  direct  deposits  from  land  ice  such  as  might 
natarally  occur  near  the  limit  of  an  ice  invasion.  This,  which 
was  at  first  supposed  to  be  characteristic  only  of  the  Mississippi 
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Valley,  is  now  foand  to  be  equally  characterietic  of  the  region 
cast  of  the  Alle^iienies. 

3.  The  lack  of  drnnilins  and  othor  ridged  accmuuktions 
along  the  glaciatoil  border  need  indicate  only  a  sirmll  aniouat 
of  ice  movement  over  the  region,  or  a  deprcBsed  slaclc  eonrii- 
tioti  of  drainage  which,  as  alrendy  fltnted,  may  be  supposed  in 
case  of  one  glacial  period  ae  well  aji  of  two. 

4.  Tbe  feebleness  of  glacial  erosion  over  thi;  fringe  fotluwi 
from  the  reHsons  aireany  Eitnted.  Of  course  there  was  less 
movenient  ovor  tbe  fringe  than  farther  back.  Stilt  that  tiiere 
was  some  vigorous  movement  oloso  X*>  the  very  margin  is 
shown  by  tbe  glacial  etriro  wiiich  I  bave  reported  from  Cax- 
boudale,  III.  and  from  St.  Lonis,  Mo.  (Sea  Bull.  Oeol.  Surv.,  No. 
58,  p|).  7i-73).  Dr.  Ma.\  Fosbay  has  also  diacovered  very  jiro' 
nonnced  groovinga  in  Western  Pennsylvania  in  the  area  co^ 
ered  by  the  fringe  several  miles  sontb  of  the  moraine  as  tliere 
laid  down  by  Professor  Lewis  and  myself. 

5.  The  tiitb  point  is  in  part  a  men-  repetition  of  the  first, 
and  to  some  extent  the  reply  will  be  the  same.  The  idack 
drainage  indicated  in  the  deposits  near  the  Itorder  was  cauoed 
probably  by  tbe  changes  of  level  which  have  been  connwled 
with  tbe  Cbamplain  epoch.  A  part  of  this  evidence  of  slack 
drainage  is  found  along  tbe  Snsouehanna  and  Delaware  Val- 
leys, in  tbe  Columbia  deposits  of  Mr.  McGee.  A  natural  6U|>- 
poeitioQ  is  that  the  climax  of  the  period  was  characterized  bj 
a  depression  of  land  considerably  greater  than  is  indicated  by 
the  level  of  the  depoeita  in  the  CHiaraplain  Valley  at  tbe  time 
of  the  disappearance  of  the  ice,  lint  as  this  point  involves  s 
theory  concerning  tbe  cause  of  tbe  period  and  of  tbe  changes 
of  level  attending  il,  a  few  paragraphs  may  well  be  devoted 
to  a  fuller  statement  of  tbe  reasons  for  believing  that  a  snb- 
eidence  may  natnraily  be  supposed  to  have  attended  the  climax 
of  the  epoch  on  the  supposition  that  it  was  single. 

Whatever  subsidiary  aid  the  eccentricity"  of  the  earth's  orbit 
may  provide  for  the  production  of  glacial  conditions,  there  ii 
now  little  donbt  that  tbe  ice  age  was  introduced  and  closed 
by  marked  changes  of  level,  both  in  North  America  and  in 
Northern  Europe.  Tbe  fiords  wliicli  characterize  the  coast  of 
2<orway,  and  wliieh  are  brongbt  to  tiglit  by  the  sounding  line 
along  both  the  Atlantic  and  tlie  Pacitic  coast  of  North 
America  bear  striking  witness  to  tbe  extent  of  this  elevation 
diiriiij;  tin?  |ifriod  just  preceding  the  glacial  epoch.  (See 
A|i|ii'iidix  ti"-  Tin;  Ice  Age  in  N.  A  by  Warren  Upham.i  So 
gii'iit  \\:ts  this  late  Pliocene  elevation  that  it  seems  to  inanj 
that  it.  might  bavc  been  sufficient  to  liave  produced  tbe  glacis! 
conditions  of  tbo  sncceeding  age  even  without  tbe  aid  of  astro- 
nomical chimgt-8.     An  elevation  of  3,U0O  feet  would  probably 
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e  safficient,  and  this  is  much  less  than  we  know  has  occarred 
1  central  Europe  since  Miocene  times.  Miocene  shells  are 
^nnd  on  the  Alps  and  Pyrenees  at  an  elevation  of  more  than 
0,000  feet.  An  elevation  of  our  glaciated  region  in  its 
orthern  parts  of  3,000  feet  is  theren)re  not  out  of  analogy 
''ith  the  movements  during  contiguous  eras. 

Supposing  therefore  the  elevation  of  the  region  south  of 
[udson  Bay  to  amount  to  3,000  feet,  this  vjronld  provide  the 
onditions  necessary  for  the  beginning  of  an  ice  age.  But 
rhen  such  a  career  is  once  started  it  is  difficult  to  imagine  how 
;  can  stop,  for  the  accumulation  of  ice  at  once  lowers  the 
smperature  and  adds  to  the  elevation  of  the  surface  of  the 
•lateau  on  which  it  rests;  thus  tending  to  increase  the  depres- 
ion  of  the  land.  The  ice  piles  up  and  makes  an  elevation  of 
\A  own,  additional  to  that  of  the  land,  and  overloads  it  with 
bs  own  weight. 

There  is  certainly  much  plausibility  in  the  supposition  that 
he  subsidence  which  accompanied  the  glacial  period,  and 
rom  which  the  continents  have  not  yet  fully  recovered,  was 
n  part  due  to  the  weight  of  the  ice  piled  up  over  the  glaciated 
irea.  The  conditions  were  then  unique  in  the  geological 
listory  of  the  earth.  About  4,000,000  square  miles  of  tern- 
ary in  the  northern  part  of  North  America  and  about  half 
liat  amount  in  Northern  Europe  were  covered  with  ice  aver- 
iging,  probably,  three-quarters  of  a  mile  in  depth,  making  in 
ifi  5,500,000  cubic  miles  of  ice  whose  weight  had  first  been 
ibstracted  from  ocean  beds,  thus  relieving  the  pressure  there, 
md  then  centered  over  a  restricted  area  at  the  north.  The 
relative  extent  of  this  disturbance  of  equilibrium  can  be 
ippreciated  only  by  comparing  this  mass  of  ice  with  the  solid 
contents  of  that  portion  of  the  continent  which  is  above  ocean 
level.  The  mean  elevation  of  North  America  above  the  sea 
is  estimated  by  Wallace  (Island  Life,  p.  205)  to  be  748  feet, 
Rrhile  the  total  area  is  less  than  9,000,000  square  miles.  This 
irould  give  about  1,300,000  cubic  miles  of  land  in  North 
A^merica  above  the  water  level,  as  against  3,000,000  cubic 
wiles  of  ice  over  the  northern  half  oi  the  continent  during 
the  climax  of  the  glacial  period.  Taking  the  specific  gravity 
jf  the  rocks  as  two  and  a  half  times  that  of  ice,  the  total 
vreight  of  ice  piled  up  over  British  America  and  the  Northern 
ITnited  States,  at  the  time  referred  to,  was  nearly  equal  to 
that  of  the  whole  land  surface  of  the  continent  which  is  above 
lea  level.  That  this  enormous  change  in  the  distribution  of 
freight  and  pressure  on  the  surface  of  the  earth  should  occur 
vrithont  any  effect  on  the  configuration  of  the  globe  is  difficult 
to  believe.  When  therefore  we  find  that  extensive  changes  in 
level  seem  actually  to  have  been  correlated  with  this  loading 
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and  iinloitding  of  the  Btrata  which  took  place  dnring  the  p»- 
gretia  of  the  glacial  age,  it  is  not  a  wholly  unwarranted  stflpin 
reuKoiiiiig  to  connect  the  two  a«  cause  and  effect  The  eup- 
position,  therefore,  of  a  marked  eubaidence  of  the  northern 
pari  of  the  continent  con  tempo  mneons  with  the  climax  of 
the  period  is  a  fair  one  to  ubo  in  explanation  of  the  compiai 
phenomena  of  the  time. 

To  appreciate  the  dejtree  of  probahility  attendiDg  the  fst- 
planation,  however,  it  is  important  to  consider  still  more 
clo§ely  the  natural  operation  of  the  forces  at  work,  Tpon 
doin^  this  it  is  evident  that  glncial  conditione  would  continaa 
soTne  time  after  the  land  BiihiudeDce  had  begnn.  For  a  long 
period  the  accumulation  of  ice  might  be  faster  than  thvsuD- 
aidence  of  the  plateau  on  which  it  rested.  The  anticlimai, 
when  the  melting  began  to  proceed  faster  than  the  accuiuiila- 
tion,  was  doubtle^  reached  only  after  a  very  prolon^d  period. 
Bnt  when  the  tide  of  affaire  bad  really  turned  and  the  land 
had  begun  to  rise  the  melting  of  the  ice  bad  also  progressed 
to  n  great  extent  and  the  tinnl  ending  up  of  the  jieriod  aod 
the  return  of  the  land  to  a  higher  level  donbtloas  proceeded 
with  great  relative  rapidity.  On  this  provisional  bypothwis 
most  of  the  facts  indicating  slack  dmitiage  during  the  deposi- 
tion of  the  marffiual  deposKi*  will  be  as  readily  explained  u 
on  that  of  two  distinct  epochs  with  difierent  attitadee  of  land 
Ittvel  during  their  existence. 

fl.  The  occurrence  of  vegetal  and  ferrugioons  aceniniilatioiu 
between  sticeessive  strata  "f  };lacial  deposits,  has  lon^r  attracted 
wide  attention.  At  tirst  these  were  taken  to  indicate  inter- 
glacial  periods  of  wide  extent  and  of  long  separation  in  time. 
The  occurrence  of  such  deposits  seems  to  be  still  the  chief 
reliance  of  many  Enrepean  geologists,  as  well  of  some  in  this 
country,  for  lielief  in  successive  glacial  periods.  Professor 
Chamberlin,  however,  is  not  among  those  who  place  undue 
reliani^e  upon  this  class  of  evidence,  as  the  quotation  from  him 
already  given  shows;  for  in  his  judgment  very  many  of  tie 
vegetal  deposits  occurring  in  the  till  "are  referable  to  sever*! 
distinct  horizons."  The  hazard  of  inferring  a  prolonged  iiiter- 
gtacini  epoeh  from  such  deposits,  also  very  forcibly  appears  in 
view  of  some  recent  facts  brought  to  light  by  study  of  tlie 
glaciers  of  Alaska. 

Ill  this  Journal  for  Januarv.  1S87  (pp.  1 1  to  15.  more  fallj 
stated  in  The  Ice  Age  of  N.  A.,  pp.  51-62),  T  have  given  the 
factw  concerning  certain  hnried  forests  at  the  mouth  of  the 
Muir  (^lacier  which  are  standing  in  undisturbed  strata  of  sand 
and  gravel,  from  which  the  ice  is  slowly  withdrawing.  I 
adduced  evidence  also  to  show  that  the  ice  front  had  with- 
drawn several  miles  during  the  present  century,  uncovering 
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«8t  beds  on  its  way.  These  inferences  have  been  fully  con- 
ned by  the  investigations  of  Professors  Reid  and  Cnshing 

0  spent  the  sammer  of  1890,  on  the  same  ground  (see  Na- 
nal  Geographic  Magazine  for  March,  1892,  and  The  Ameri- 
i  Geologist  for  Oct.,  1891).  Indeed  Professor  Reid's  photo- 
iphs  show  that  the  ice  front  had  receded  3,000  feet  daring 
5  four  years  intervening  between  our  visits  and  he  is  con- 
ent  that  the  glacier  has  receded  fourteen  miles  during  the 
itnry.  These  observations  reveal  also  unexpected  rapidity 
the  movements  of  great  glaciers  and  remarkable  capacity  of 

in  certain  conditions  to  creep  over  unsolidiiied  strata  of 
id  and  gravel  without  disturbing  them.  From  the  rapidity 
th  which  both  forests  and  ocean  fauna  follow  up  a  retreat- 

1  ice  froDt  where,  as  in  this  case,  it  debouches  into  an  arm 
the  sea,  it  is  clear  that  two  or  three  centuries  are  sufScient 
produce  a  forest  bed  of  considerable  extent  with  all  its 

sompaniments  of  glacial  deposits  below  and  above. 
In  addition  to  this  Mr.  Eussell  (National  Geographic  Maga- 
le,  vol.  iii,  p.  92,  Am.  Geologist,  March  and  May,  1892 ; 
d  this  Journal,  March,  1892)  reports  from  the  great  Mala- 
ina  glacier,  whose  foot  spreads  out  over  an  area  of  1,500 
lare  miles  on  the  low  lands  southeast  of  Mt.  St.  Elias,  that 

the  belt  of  morainic  accumulations  which  conceal  the  ex- 
jme  margin  of  the  glacier  for  a  width  of  five  miles  or  more 
3re  is  a  dense  forest  growth.  This  forest  has  every  appear- 
t5e  of  considerable  age.  It  consists  principally  of  spruce 
ies,  some  of  which  are  three  feet  through,  but  there  are 
my  alders  ''  and  a  great  variety  of  shrubs  and  bushes,  to- 
ther  with  rank  ferns  which  grow  so  densely  that  one  can 
ircely  force  a  passage  through  them."  (This  Journal,  p. 
8.)  In  many  places  this  vegetation  is  on  a  moraine  which 
underlaid  by  ice  not  less  than  a  thousand  feet  in  thickness, 
lese  forests  appear  also  on  the  north  border  of  the  glacier, 
le  whole  area  of  ice  observed  by  Mr.  Russell  to  be  covered 

forests  was  estimated  at  from  twenty  to  twentj'-tive  miles, 
ch  facts  as  these  should  make  us  hesitate  about  attributing 
gry  forest  bed  buried  in  glacial  deposits  to  a  distinct  glacial 
riod.  In  the  complicated  movements  which  doubtless  at- 
ided  the  advance  and  retreat  of  so  vast  an  ice  sheet  there  is 
)m  for  the  burial  of  a  great  many  forest  beds,  and  Professor 
lamberlin  is  doubtless  correct  in  thinking  that  those  discov- 
jd  in  the  Mississippi  Yalley  may  belong  to  several  diflferent 
rizons.  In  my  "  Ice  Age  "  (pp.  484-488),  I  have  quoted  at 
igth  from  the  late  Mr.  Lesquereux  to  show  that  two  or  three 
ndred  years  is  ample  time  to  allow  for  the  accumulations  of 
It  which  have  been  found  embodied  in  glacial  deposits. 
»  also  Penn.  Ann.  Geol.  Report  for  1885,  pp.  106  to  114.) 
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From  the  disousBions  in  the  International  Conpresa  of  Geol- 
ogists at  Washington  in  1891,  it  would  Hpftear  also  that  a  fair 
sliare  of  the  Enropean  inerabere  did  not  regard  the  interstrati- 
fied  gravel  deposits  of  North  Gerroauy  as  indicative  of  taj- 
tliiuf;  more  than  n  tciii{Kirary  uecillation  of  the  ice.  (See  Am. 
Geot..  Oct.,  1891,  pp.  2-11  to  247.)  The  "  interglacial  ehal! 
bode"  at  elevations  of  1,00<)  and  1,400  feet  above  sea  is 
England  at  Maccleelit'ld  and  Motil  Tryfaen,  have  been  shown 
to  be  shells  poshed  up  from  the  Irisli  Sea,  and  washed  ont  and 
Btratitied  in  thin  beds  by  the  local  streams  of  water  accom- 
panying the  departnre  of  the  ice  sheet,  (See  my  paper  in 
this  Journal,  Jan.  lSt)2 ;  but  especially  Profciseor  Kendall'j 
eotnprebensive  discussion  of  the  evidence  in  my  volume  jurt 

fublished  by  D.  Appletun  &  Co.,  entitled  Man  and  the  Glacial 
eriod,  pp.  136-182.)  Professor  Lewis's  conjecture  seems  to 
be  amply  sustained  by  subsequent  inveatigatioiifl.  The  evi- 
dence for  a  succession  of  glacial  periods  in  Great  BritniDit 
inconclusive,  while  the  evidence  against  it  is  overwhelming. 
Professor  James  Geilde  has  indeed  recently  returned  lo  the 
defeuL-o  of  his  favorite  theory  (see  On  The  Glacial  Period 
mid  the  Etirtli  Movement  Hypothesis,  being  a  paper  revl 
before  the  Victoria  Institute,  London),  in  which  he  relies 
almost  wholly  upon  evidence  of  successive  glacial  periods  to 
prove  that  tiie  aBtronomioal  theory,  to  which  we  have  refeiredr 
IS  the  only  adequate  cause.  His  evidence  is  largely  dnirn 
from  interglacial  beds  on  the  continent  of  Europe  containin? 
remains  of  plants  and  animals.  The  strongest  instance  ad- 
duced by  him  is  Btill  that  of  the  interglacial  lignite  beds  of 
Diimten  and  LUznach  in  Switzerland.  Bnt  it  would  seem 
that  the  inference  of  great  oscillations  of  climate  which  be 
draws  from  the  character  of  the  vegetation  composing  the 
lignites  rests  upon  very  uncertain  data.  The  remarks  of  Pro- 
fessor Prestwich  upon  the  deposits  are  of  great  weight : 

"  Admitting  the  fact  that  the  Diimten  Lignites  rest  on  bede 
of  undoubted  glacial  (ground  moraine)  origin,  and  that  the 
trees  grow  on  tho  spot  where  their  stumps  and  remains  ore 
found,  it  by  no  means  follows,  as  contended,  that  because 
thi.'si!  trees  are  all  of  species  now  living  in  Switzerland  that 
the  temperature  was  as  high  as  that  of  Switzerland  at  the 
prfSfnt  day.  The  J*inm  tiiilvi'sti-is,  Abies  exceiaa,  llie  Yew, 
Ihe  IJircli,  and  the  Oak,  flourish  equally  in  Sweden  and  fir 
north  in  Siberia,  and  there  is  an  absence  in  the  scanty  Diimten 
flora  of  those  plants  which,  while  having  a  more  southern 
ran-re,  also  now  live  in  Switzerland.  On  the  other  hand,  there 
is  there  one  species  of  i'hmn  {P.  Montana)  which  is  spread 
over  the  monntiiin  country  up  to  heights  of  7,"lM)  feet,  and  is 
rare  in  the  lowlands,  while  one  of  the  mosses  in  the  lignite  it 
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>6ely  allied  to  a  species  now  growing  on  the  hills  of  Lap- 
nd.  The  few  species  of  mammalia  have  a  distinctively  arctic 
eies.  The  Elephas  ^>Wmi/7^n«t/«,  E.  antiguuSj  the  Uraus 
^eUBvs^  and  even  the  Cervxis  elaphns  and  nos  j}rimige7iius, 
e  commonly  associated  with  Reindeer,  Musk-ox,  ana  other 
etic  animals  of  cold  post-glacial  times.  Further,  both  the 
3e8  and  animals  are  those  of  our  "  forest  bed,"  the  last  land 
rvival  before  the  climax  of  the  glacial  period. 
'*  Is  the  return,  therefore,  of  tlie  retreating  glacier, — sup- 
leing  the  boulder  gravel  above  the  lignites  of  Durnten  to  be 
le  to  direct  ice  action, — to  be  ascribed  to  anything  more  than 
comparatively  slight  temporary  change  of  climate,  like  those, 
ily  more  marked,  that  now  for  a  succession  of  seasons  cause, 
om  time  to  time,  a  temporary  advance  of  the  glaciers?  We 
iQBt  allow,  of  course,  lor  greater  differences,  and  possibly 
<nger  intervals  of  time  than  now  obtain."  (Geology,  vol.  ii, 
p.  458,  459.) 

I  have  elsewhere  called  attention  to  the  semi-arctic  facies  of 
le  vegetation  found  in  our  own  interglacial  beds.  (See  Ice 
Lce  in  N.  America,  pp.  482-496.) 

7.  The  supposed  proof  of  the  great  age  of  the  marginal 
eposits  drawn  from  their  superior  oxidation,  is  partly  an  illu- 
ion  of  observers  and  partly  a  normal  result  of  the  fact  that 
he  continental  glacier  moved  over  a  region  which  was  at  the 
tart  deeply  covered  with  oxidized  material  derived  from  the 
3ng  secular  disintegration  which  had  preceded.  The  results 
►f  this  secular  disintegration  are  abundantly  evident  every- 
irhere  south  of  the  glaciated  area,  especially  over  the  regions 
iontaining  granitic  and  gneissoid  rocks.  For  scores  and  some- 
imes  for  hundreds  of  feet  in  depth  these  rocks  are  frequently 
o  disintegrated  by  the  long  continued  percolation  of  water 
iharged  with  acids,  that  the.  mass  is  as  loose  in  texture  as  a 
(ravel  bank.  (See  especially  "  On  the  Formation  of  Bowlders 
md  the  Origin  of  Drift  Materials"  by  L.  S.  Burbank,  in  Proc. 
Best.  Soc.  [Nat.  Hist.,  Nov.  19,  1873  ;  also  a  paper  bv  Professor 
?orapelly,  in  this  Journal,  1879,  pp.  13-14.  A  valuable  sum- 
nary  of  discussions  upon  this  important  point  is  given  by  Mr. 
dtalph  S.  Tarr  in  the  American  Geologist  for  July,  1892.) 
Naturally  the  material  first  and  farthest  moved  by  the  ice 
would  be  this  which  was  already  well  oxidized  to  begin  with. 
Co  this  cause  there  can  be  little  doubt  is  to  be  ascribed  the 
oxidized  character  of  the  material  contained  in  the  ''  fringe  " 
md  of  that  composing  the  Philadelphia  Red  Gravel  and  Brick 
31ay,  which  is  the  overwash  of  the  ice  sheet  when  it  was  at  its 
dimax  and  when  the  drainage  was  sluggish  from  the  differen- 
ial  northward  depression  which  characterized  that  portion  of 
he  period. 
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The  extensive  oxidation  spoken  of  by  Professor  Salifibnry 
in  tlie  quotation  made  from  liie  recent  reports  on  the  glacis! 
deposits  of  New  Jersey,  ia  clearly  of  preglacial  origin.  In 
company  with  Professor  A.  A.  Wripht  (a  very  voin(te(eal 
geologist  and  mineralogist  who  is  familiar  with  the  region  de- 
flcribod  by  Professor  Saliebnry)  I  have,  during  the  past  snra- 
iiicr,  gone  over  tlie  field  pretty  thoroughly  so  ae  to  compicte 
work  which  the  late  Profeeaor  I.ewis  and  I  had  contemplated 
before  his  death.  The  area  ia  that  occupied  by  the  sootliern 
part  of  Morrie  county  and  the  nortliern  part  of  Hunterdon 
county,  New  Jersey,  and  Northampton  county,  Pennsylvania. 
Theite  counties  border  the  Delaware  River  below  the  tJerniinul 
moraine  as  delineated  by  the  New  Jersey  geologists  in  187S 
and  by  Professor  Lewis  and  uiysolf  in  1880  and  18S1.  Unti! 
recently  this  moraine  has  stood  as  the  sonthern  bonndary  <A 
the  glaciated  region,  imd  lias  boon  regiirdtMi  a«  a  place  wm^n 
there  was  no  fringe  and  where  the  glacial  moraine  of  wlmt  was 
called  the  '■  second  glacial  epoch  "  coincided  with  that  of  ihc 
first.  It  is  fair  to  say,  however,  that  this  part  of  our  work 
was  done  by  Professor  Lewis  and  myself  at  tlie  outset  of  unr 
attempts  to  trace  the  glacial  boundary  and  that  we  then  shared 
with  others  the  supposition  that  the  boundary  was  everywhere 
marked  by  a  distinct  terminal  moraine. 

Bnt  in  the  progress  of  our  work  we  had  onr  attention  called 
more  and  more  to  an  attenuated  border  which  we  called  th« 
"fringe"  and  which  I  have  attended  to  almost  exclusively  in 
my  later  explorations  of  the  boundary  in  the  Mississippi  Val- 
ley, III  commenting  upon  this  fringe  Professor  Lewis  (see  2J 
Penn.  Geol.  Surv.  Rep.,  vol.  Z,  p.  201)  remarks  that  traces  of 
this  -'fringe"  may  be  looked  for  in  Pennsylvania  and  New 
Jersey,  and  that  the  impression  had  grown  upon  him  "thai 
this  iringe  is  destined  to  play  an  important  part  in  glacial 
geology."  Professor  Lewis  s  early  death  prevented  his  follow- 
ing out  the  clues  already  then  in  mind,  and  I  have  been  iniaMe 
until  the  present  season  to  examine  the  region  with  sufficient 
care  to  enable  me  confidently  to  say  anything  about  it.  Neve^ 
thelcBS,  in  view  of  what  Mr.  McGee  has  been  writing  about  the 
Columbia  {le|jositN  I  ventured  three  years  ago  to  utter  n  wam- 
iTig.  ajLil  til  ^iiiri^T-i  tli;it  lie  might  be  drawing  some  unwamnled 
concliii-iiiii--  h'liii  till'  facts  he  was  presenting,  in  view  of  the 
probiiijllii  V  \\i\\\  -iiiiir  of  his  facts  belonged  to  tiie  fringe  wbiii 
Proftwi'i'  I.ewis  ;nnl  I  had  overlooked  in  that  region.  (See  Ice 
Age  in  >\.  A.,  p.  Ki.'i.i  1  am  now  able  to  deinoustrate  that 
both  Mr.  .M<;*ii.'(:  ;iinl  Professor  Salisbury  have  been  led  astraj 
ill  ihoir  iL'fL'Tit  imlilii.'ations  by  their  failure  to  notice  t-oitie  of 
the  charactei'istics  of  tlie  "  fringe  "  in  the  Delaware  valley. 
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The  tniB  glacial  deposits  in  the  Delaware  valley  below  the 
?"ater  Gap  can  be  readily  traced  by  the  distribution  of  Medina 
kudstuoe  which  forms  the  crest  of  Blue  Ridge,  rising  every- 
here  as  a  solid  wall  aboat  1,000  feet  above  the  conntry  to 
le  EODth.     This  is  a  very  characteristic  and  enduring  rock. 
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Map  of  the  IJelaware  valley  in  the  viciaity  of  the  Tenoiiud  Uoraine. 


nd  forms  a  large  part  of  the  moraine  in  the  counties  men- 
oned.  South  of  the  moraine,  on  the  New  Jersey  side  of  the 
)elaware,  within  a  distance  of  fifteen  miles,  there  are  three 
)w  inonntain  ridges  (Scott's,  Foluitcong  and  Musconetciuig) 
ipamted  by  valleys.  These  ridges  and  valleys  run  northeast 
y  southwest  parallel  witli  Blue  Kidge.  The  mountains  con- 
it  of  gneissoid  rocks,  and  are  evidently  the  rcninantii  of  three 
nticlinals  which  were  once  covered  with  strata  of  Lower  Silu- 
ian  limestone  and  Ilndsoii  River  slate,  remniints  of  which  ap- 
ear  both  in  the  liolluws  between  the  ridges  and  on  both  the 
orth  and  their  south  Hanks  of  the  ridges  as  a  whole.  Sonth 
f  MneconetcoDg  Mountain  stretch  the  Triassic  red  shales 
'hich  cover  so  much  of  the  central  part  of  Kew  Jersey.     But 


8«e  G.  /:   Wright—  VnUy  of  tfic  Oladol  EiHJch. 

in  this  portion  of  the  atate  there  has  been  al^ohitely  no  tniw- 
portatiou  of  northern  material  ont  iiiiori  the  Triassic  shslta, 
etiowing  that  no  glacial  moveiuent  here  ever  jiassed  Mnecon- 
etcong  Monntain. 

'I'hese  Arclinean  ridges  everywhere  exhibit  remarkahle  efiects 
of  oecular  disintegration.  Gneiseoid  huwldere  are  creeping; 
down  their  sides  in  all  directions  nf  slope,  and,  in  favorable 
placet)  for  observation,  the  rock  ia  seen  to  be  di»inte?ratcd  to  a 
preat  depth.  Many  cuts  siiow  that  the  softer  material  is  wash- 
iiig  out  and  worknij^  down  toward  the  vnltey,  and  leaviuff 
the  harder  niikseee  to  follow  at  a  slower  rote.  DouUlctt 
the  original  height  of  the  mountain  has  been  thus  reduced 
thonsands  of  feet,  thns  entirely  removing  tho  covering  of 
lime  and  Blatestone.  We  have  here  now  but  the  eoree  of 
the  original  ranges.  But  guided  by  the  material  tran^ 
ported  hv  what  we  may  call  the  Delaware  River  lobe  of  the 
ice  sheet,  we  find  that  in  the  vicinity  of  the  river  the  ioa 
actually  overran  ScottV  Monntain  as  far  east  certainly  as 
Bethel,  and  left  Medina  howldere  in  considerable  namhen  in 
the  Pohatcong  Valley  near  Washington.     The  actually  trao»- 

Eorted  material  here  cannot  be  distinguished  in  its  oxidation 
rom  that  in  the  moraine  north  of  C'xford  Furnace.  The  oxi- 
dation of  which  Professor  Salisbury  speaks  at  Oxford  Furnace 
and  Little  York  is  the  secular  oxidation  which  we  have 
described  as  characterizing  the  whole  monntain.  But  with 
this  local  material  at  the  places  mentioned  there  is  mingled  on 
the  surface  a  considerable  deposit  of  the  northern  rocki 
belonging'  to  the  fringe.  The  ice  here  barely  went  over 
Scott's  Mountain  to  Washington.  It  did  not  here  cross  Po- 
hatcong Mountain  bo  as  to  reach  Miisconetcong  Monntain. 

Kearer  the  river,  however,  it  crossed  the  low  Pohatcong 
ridge  aleo  and,  at  one  point,  about  live  miles  south  of  Philips- 
burgh,  reached  a  co]  in  Musconetcong  Mountain,  landing 
there  a  good  many  Medina  bowlders,  and  allowing  some  of 
them  to  he  carried  down  a  small  streamlet  on  the  south  side 
which  for  a  time  offered  an  outlet  for  the  drainage  in  thit  i 
direction.  That  the  ice  did  not  extend  farther  is  shown  by 
the  fact  that  there  is  absolutely  no  transported  material  oat  on  | 
the  Triassic  rocks  beyond  the  inlliicnee  of  this  little  etream, 
and  in  the  case  of  that,  the  Medina  pebbles  have  all  worked 
down  towards  the  Delaware  Kiver. 

On  the  west  side  of  the  Delaware,  below  the  moraine, 
there  is  a  .similar  extension  of  the  pheuomcna  of  the  friiie?; 
as  there  is  also  in  the  Valley  of  the  Snetjuehanna  below  Ber- 
wick. To  obtain  the  sections  of  these  river  valleys  given  by 
Mr.  McCree  to  prove  a  subsidence  in  that  region  of  several 
hundred  feet  during  the  Columbia  {Philadelphia  Brick  Claj) 
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period  (see  this  Journal,  vol  cxxxv,  pp.  376-379)  he  has  cer- 
ainlj  gone  above  the  boundary  of  the  fringe,  and  confounded 
lirect  glacial  deposits  with  those  made  by  the  flooded  streams 
»f  the  period. 

At  Pattenburg  and  High  Bridge  there  are  cuts  in  deposits 
vhich  at  first  look  very  much  like  true  till,  and  they  have  been 
tddnced  by  Professor  Salisbury  as  unquestionable  instances  of 
t8  occurrence  at  these  points,  which  demonstrate  by  the  oxida- 
ion  its  great  age.  But  a  fact  which  Professor  Salisbury  failed 
;o  notice  would  seem  to  be  fatal  to  his  theory.  There  is  no 
roreifirn  material  in  the  cuts ;  at  least  Professor  A.  A.  Wright 
md  I  could  not  find  any.  All  the  fragments  of  the  rock  found 
n  them  are  from  the  strata  which  have  demonstrably  been  in 
place  in  the  mountain,  and  may  have  worked  down  in  the 
sonrse  of  the  slow  disintegration  to  which  it  has  been  subjected 
since  the  beginning  of  Mesozoic  time.  An  additional  proof 
of  this  is  that  there  is  a  significant  cessation  of  Medina  bowl- 
ders before  reaching  the  north  side  of  Musconetcong  Moun- 
tain in  the  vicinity  of  both  these  places.  There  are,  it  is  true, 
in  the  deposits  many  pieces  of  slate  which  are  scratched  as  in 
true  till,  and  very  rarely  there  is  a  bowlder  of  gneissoid  rock 
which  shows  faint  scratches  on  some  of  its  faces.  But  in  all 
ihese  cases  it  is  impossible  to  tell  whether  the  scratching  has 
been  done  by  an  ice  movement  or  by  land  slides  and  by  the 
slower  process  of  "creep,"  which  is  everywhere  going  on  in 
the  region.  In  both  these  places  the  mountain  in  close  proxim- 
ity rises  several  hundred  feet  above  the  deposits,  and  bowlders 
are  creeping  down  from  them.  Taking  the  whole  situation 
into  view  it  seems  far  more  probable  that  these  deposits  are 
the  product  of  the  degrading  agencies  at  work  in  wearing  down 
the  mountain  than  that  a  northern  ice  sheet  should  have  sud- 
denly ceased  to  deposit  Medina  bowlders  upon  reaching  the 
vicinity  of  this  mountain,  unless  the  ice  ceased  to  move  any 
farther.  If  there  had  ever  been  anv  such  amount  of  Medina 
sandstone  mingled  with  local  material  as  is  found  in  the  moraine 
at  Oxford,  or  at  Little  York,  no  lapse  of  time  could  have  elim- 
inated it.  For  this  sandstone  is  far  more  enduring  than  the 
slate  of  which  there  are  so  many  fragments  both  at  High 
Bridge  and  Pattenburg.  The  evidence  relied  upon  by  Pro- 
fessor Salisbury  from  tne  excessive  oxidation  of  these  deposits 
is  thus  seen  to  be  illusory.     He  has  misread  the  facts. 

8.  The  most  weighty  considerations  favoring  the  duality  of 
the  glacial  period  are  found  under  the  eighth  head.  Yet 
it  IB  more  than  possible  that  the  apparent  conclusiveness  arises 
from  an  incomplete  comprehension  of  the  facts  which  con- 
feBsedlv  are  of  a  very  complicated  character,  and  but  imper- 
fectly known. 
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In  tlie  present  state  of  evldeace  bb  made  known  to 
general  Bcientitic  public  it  is  difficult  to  diecn^  the  progreis 
events  since  tlie  neginning  of  the  glacial  period  in  the  low 
Missisaipiii  Valley.  But  according  to  Professor  Chamlwrlio 
what  is  called  the  Orange  Grav^  and  has  heretofore  Ijeen 
regarded  as  of  glacial  age,  is  preglacial.  It  does  not  contun 
granitic  pebhles.  His  study  of  the  deposit  also  convinces  him 
that  it  waf  originally  contimions  over  the  entire  trough  whicli 
has  u  width  of  about  sixtj  miles  (Bull,  Geol,  Soc.  Am.  p.  471). 
The  only  relic  of  the  earlier  glacial  deposits  which  he  would 
recognize  over  lids  area  is  the  silt  which  everywhere  caps  the 
Orange  Sand  and  extends  beyond  it  to  the  east.  This  be 
would  connect  with  the  liess  in  the  upper  part  of  the  v»lle? 
extending  to  the  iiioruineM  Apparently  he  does  not  regard 
this  silt  as  a  deeji  water  dei»sil  but  as  a  deposit  spread  out  over 
a  vafit  flood  plain  when  the  drainage  was  slack  both  from  a  de- 
pression northward  and  from  the  previous  filling  up  of  the 
trough  liy  the  Orange  Sand.  But  granting  that  this  is  the  cor- 
rect intei-pretation  of  the  phenomena,  it  is  difficult  to  see  how 
the  erosion  is  shown  to  be  "interglacial."  If  that  depressed 
condition  of  things  occurred  at  the  climax  of  the  period,  why 
may  not  the  erosion  simply  gauge  the  time  since  that  climax) 
I  will,  however,  leave  others  more  familiar  with  the  facts  to 
discuss  the  various  assumptions  underlying  the  argument  &o(n 
the  Lower  MiBBisstppi,  and  tarn  to  the  problem  of  erosion  and 
deposition  in  the  valley  of  the  Ohio  River  of  which  I  have 
more  perstinal  knowledge. 

In  brief  the  facts  are  that  the  Ohio  occupies  a  trough,  from  ' 
three  to  live  hnndred  feet  in  depth  and  averaging  from  » 
half  mile  to  a  mile  in  breadth,  which  has  been  eroded  from 
nearly  parallel  strata  of  Palieozoic  time.  Xor  does  the  present 
depth  of  the  trough  represent  the  whole  extent  of  erosion. 
The  channel  is  tilled  witli  gravel  to  a  depth  of  from  fift?  to 
a  hundred  feet  or  more  oelow  the  low  water  mark.  Two 
sets  of  terraces  cuntaitiing  granitic,  and  therefore  glacial,  drift 
mark  this  trough  all  the  way  from  Louisville  to  the  head  waters 
of  the  Allegheny  River  up  to  a  level  between  1,000  and  l.K"* 
feet  above  tide.  The  lower  terrace  is  continuous  and  is  definitely 
traced  np  all  the  northern  tributaries  to  the  terminal  moraine 
and  is  much  higher  and  coarser  near  the  moraine,  and  whereTer 
tributaries  come  into  the  Ohio  from  the  glaciated  region,  than 
it  is  below.  This  terrace  rises  at  its  highest  points  to  alwut 
Yl^  feet  above  low  water  mark,  that  being  the  height  at  Cin' 
ciiiTiati  and  at  the  mouth  of  Beaver  Creek  in  Western  Penn- 
sylvunia.  Evidently  the  channel  was  at  various  places  origin- 
ally filled  up  to  this  height  so  as  to  raise  the  water  level  bj 
that  amount  all  the  distance  above  Cincinnati. 
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The  second  series  of  terraces  connected  with  the  glacial 
period  occur  in  various  oxbows  and  on  nutnerous  shelves  of 
rock  bordering  the  channel  at  elevations  of  from  200  to  300 
feet  above  the  present  river  level  and  at  about  1,000  feet  above 
tide.  Two  of  the  best  known  localities  are  BoUevue  about 
five  miles  below  Pittsburgh,  and  Parker  about  thirty  miles  up 
fclie  Allegheny  from  Pittsburgh. 

The  glacial  terrace  at  Bellevue  is  300  feet  above  the  river, 
and  is  supported  by  a  shelf  of  rock  about  one  half  mile  wide. 
A.t  Parker  the  glacial  deposits  are  in  a  deserted  oxbow  of  the 
river  formed  wnen  the  level  was  200  feet  higher  than  now. 
Up  the  Monongahela  River  there  are  corresponding  terraces  to 
wnich  Professor  I.  C.  White  has  called  attention  which  are  at 
about  the  same  absolute  level,  and  entirely  above  the  regular 
river  terraces  which  have  been  formed  in  process  of  the  lower- 
ing of  the  channel.  One  of  the  chief  differences  between 
these  high-level  terraces  on  the  two  rivers  is  that  those  on  the 
Allegheny  have  granitic  pebbles  derived  from  the  glaciated 
r^on  while  those  on  the  Monongahela  do  not.  Professor 
V(4)ite  describes  extensive  areas  where  this  mantling  of  what 
seems  like  a  lacustrine  deposit,  consisting  of  pebbles,  and  de- 
posits of  clay  sometimes  thirty  feet  thick,  containing  fresh 
leaves,  characterizes  the  Monongahela  up  to  a  level  of  from 
1,000  to  1,100  feet  and  there  suddenly  cease. 

Professor  Chamberlin  maintains  that  these  high-level  ter- 
race deposits  are  merely  the  remnants  of  flood  plains  when  the 
whole  drainage  level  was  at  that  elevation.  As  a  corollary  to 
this  he  contends  that  the  drainage  level  was  at  that  height  at 
the  time  of  the  first  glacial  epoch,  admitting  of  the  distribution 
of  the  granitic  pebbles  in  the  Allegheny  drift,  and  that  the 
erosion  of  the  Ohio  gorge  below  that  level  (i.  e.  to  a  depth  of 
about  250  feet  for  a  distance  of  about  1,000  miles  as  the  water 
runs)  was  eroded  during  the  interglacial  epoch.  To  that  first 
epoch  he  would  also  attribute  the  glacial  deposits  on  the  south 
side  of  the  Ohio  opposite  Cincinnati  which  1  had  adduced  as 
rendering  it  probable  that  there  was  an  ice  dam  across  the 
river  at  that  point.  Professor  Chamberlin,  on  the  contrary, 
ntpposes  these  deposits  to  have  been  made  so  much  earlier  than 
those  a  short  distance  north  of  Cincinnati  that  the  interval  is 
marked  by  the  whole  erosion  of  the  gorge  of  the  Ohio  through 
its  whole  extent. 

I  was  not  present  at  the  discussion  of  the  Cincinnati  ice  dam 
at  the  Q-eological  Society  a  year  ago.  But,  from  what  has  been 
published  since,  it  is  evident  that  the  last  word  has  not  yet  been 
Slid  about  it  Mr.  Leverett  in  particular  has  attempted  to  corre- 
late some  of  the  clay  and  loess  deposits  in  southeastern  Indiana, 
with  deposits  of  similar  character  in  Illinois,  attributing  both  to 
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the  earlier  glacial  period  during  its  slackened  drainage.  Bnt  lie 
does  not  seem  to  have  duly  conaidered  the  facts  which  I  have 
presented  making  probable  an  obetniction  of  the  channel  of  the 
Ohio  near  Madieoii,  Indiana,  in  Jefferson  and  Uiplev  Counties 
which  might  well  awount  for  the  facte  in  that  part  of  the 
state  most  like  those  in  Southern  Ohio.  (See  Bull.  U.  S.  Geol. 
Siirv,,  58.  pp.  65,  66.)  Something  more  than  similar  microscop- 
ical resulte  must  be  relied  on  to  demonstrate  chronological 
identity  of  deposits. 

The  theory  of  a  somewhat  prolonged  obetrnction  of  the 
channel  at  Cincinnati  by  ice  has  received  strong  contirnmtion 
in  Professor  James's  investigHtionii,  going  to  show  that  the  pre' 
ifliiciat  Ghanncl  of  the  Ohio  ran  at  Cincinnati  still  farther  north, 
following  up  the  valley  of  Mill  Creek  until  it  joined  the  Big 
Miami  iioar  Hamilton.  At  any  rate  it  is  certain  that  the  Ohio 
did  not  in  preglaciol  times  flow  in  its  present  channel  from 
Cincinnati  to  the  mouth  of  tlie  Great  Miami,  for  I  am  in- 
formed by  Mr.  Charles  J.  Bates,  inspector  of  masonry  for  tLe 
Cidciunati  Southern  Railroad  whose  bridge  croeecs  the  river 
just  below  ibc  city,  that  bedded  rock  was  foand  by  him  a  fe» 
feet  below  the  present  bottom  of  the  river  extending  across  ite 
whole  width.  Bnt  at  Hamilton  in  the  valley  of  (he  Miaaii 
where  the  depression  of  Mill  Creek  joins  it,  the  rook  bottom 
is  as  much  as  ninety  feet  beluw  the  level  of  the  bottom  of  Ebe 
Ohio  at  Cincinnati.  This  northern  bend  of  the  river  in  pre 
glacial  times  adds  greatly  to  the  argument  from  direct  evidence 
of  a  prolonged  ice  dam  there.  The  gorge  for  several  mile* 
below  Cincinnati  is  comparatively  narnjw  and  its  erosion  in 
good  part  may  perhaps  measure  postglacial  time. 

In  all  this  discusaion  it  should  he  borne  in  mind  that  we 
cannot  assume  an  absolutely  constant  level  of  the  land  in  the 
region  of  the  Up]jer  Ohio  Valley.  Indeed,  the  subsidence 
proved  by  the  Champlain  deposits  to  exist  at  the  close  of  the 
ice  age  involved  a  differential  in  the  depression  of  the  land  to 
the  north  which  is  very  suggestive,  while  another  class  of  fsct-s 
etjually  suggestive  of  considerable  chauges  of  level  in  connec- 
tion with  the  glacial  period,  appears  in  "the  northerly  slope  of 
the  bed  of  many  uorthern  tributaries  of  the  Upper  Ohiosfd 
Allegheny  rivers.  The  Shenango,  Mahoning  and  Beaver 
rivei-s,  and  French,  Oil  and  Conewango  creeks,  all  have  a  rod 
bottom  which  slopes  to  the  north,  or  away  from  their  preseW 
outlets.  Mr.  Carll  and  some  others  have  argued  from  this 
that  there  must  have  been  a  system  of  northern  outlets  into 
Liike  Erie  in  pregiacial  times,  (2nd  Penn.  Geol.  Surv.  iii,  pp. 
ji30  to  306.)  The  actual  existence  of  such  northern  oulieti 
has,  however,  not  been  proved  by  direct  evidence  Thetlieorj 
of  a  general  elevation  of  the  country  to  the  north  iti  pregladJl 
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times,  such  as  is  supposed  to  have  brought  on  the  period  would 
seem  to  provide  a  natural  explanation.  But  Mr.  Leverett, 
under  guidance  of  Professor  Chamberlin's  theory  of  the  course 
of  events  in  the  Upper  Ohio  is  compelled  to  resort  to  the 
hypothesis  that  a  part  of  this  lowering  of  the  channels  of  these 
streams  to  the  northward  was  done  by  subglacial  currents  of 
water  forced  by  hydraulic  pressure  to  run  up  hill  to  find  exit. 
(See  this  Journal,  Sept.  1891,  p.  209.)  A  theory  driven  to  such 
extremities  cannot  be  said  to  be  altogether  free  from  difficulty. 
A  simple  statement  of  the  rival  theory  concerning  the  course 
of  events  in  the  Upper  Ohio  Valley  is  its  own  best  defence.  I 
suppose  that  the  erosion  during  early  Tertiary  times  had  pro- 
ceeded so  far  that  base  levels  had  become  established,  and  that 
the  rock  shelves  at  Bellevue  and  Parker  mark  the  flood  plain 
of  the  river  at  that  time.     During  the  close  of  the  Tertiarv 

teriod  the  land  underwent  elevation  until  it  stood  mucli 
igher  than  now  over  all  the  northern  part  of  the  United 
States  and  Southern  Canada.  During  this  time  the  rivers 
lowered  their  beds  to  the  extent  shown  by  their  present  rock 
bottoms.  The  channel  of  the  Ohio  was  a  proauct  of  that 
period.  The  differential  northerly  elevation  permitted  the 
erosion  of  the  northern  tributaries  of  the  Ohio  spoken  of. 
Their  present  attitude  is  the  result  of  subsequent  differential 
subsidence.  This  subsidence  occurred  in  connection  with  the 
climax  of  glacial  conditions  when  the  ice  extended  so  as  to  dam 
up  the  Ohio  at  Cincinnati.  This  dam  cooperated  with  the 
slack  drainage  attending  the  differential  subsidence  to  produce 
many  of  the  phenomena  which  Prof.  Chamberlin  attributes  to 
a  first  glacial  period.  Floating  ice  came  down  the  Allegheny 
River  in  great  quantities  and  drifted  into  the  oxbows  and 
upon  the  shelves  of  the  earlier  epoch  of  erosion,  and  left  the 
glacial  material  which  is  found  in  such  places  as  Parker  and 
Bellevue.  Similar  conditions  in  the  Monongahela  favored  the 
deposits  of  pebbles  and  silt  at  the  high  levels  described  by  Pro- 
fessor I.  C.  W  hite.  The  deposits  in  Teases  Valley  between  the 
Kanawha  and  the  Ohio  in  West  Virginia  probably  belong  to 
a  somewhat  later  stage  when  the  barrier  below  Cincinnati  had 
been  worn  down  to  a  considerable  extent.  For  it  should  be 
observed,  that  the  preglacial  channel  of  the  Ohio  at  Cincinnati 
toward  Hamilton  was  permanently  closed  by  glacial  deposits. 

The  Columbia  terraces  of  the  Susquehanna  and  the  Dela- 
ware were  deposited  under  somewhat  similar  conditions. 
There  was  a  depression  of  the  coast  level  of  about  200  feet  in 
New  Jersey  allowing  the  great  ice  rafts  loaded  with  Medina 
bowlders  which  came  down  the  river  to  tide  level  to  be  floated 
over  the  lowlands  of  the  state  south  and  east  of  Trenton,  and 
to  be  stranded  along  the  shore  on  the  west  side  of  Philadelphia 
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to  a  beight  of  175  feet.  The  sultsidenoe  to  the  north  wasM 
tiiuch  greater  than  that  at  the  Huuth  that  the  draina^  of  tbeee 
rivers  xvae  much  slacker  than  now,  hut  nowhere  do  the  terraccB 
of  this  period  on  the  Delaware  and  Snaquehanna  rivets  extend 
raueh  above  173  f^et  except  ineide  the  region  actaall;  covered 
hy  glacial  ice.  How  much  these  riverB  have  lowered  their 
beds  since  that  time  it  is  difficult  to  tell,  but  probably  not  a 
great  deal. 

I  cannot  well  close  this  part  of  the  discussion  without  refer- 
ence to  a  recent  attempt  of  Professor  Winchell  (Am.  Geolo- 
gist, Aug.  181*2,  pp.  60  to  80)  to  measure  the  length  of  tW 
interglacial  epoch  in  Minnesota.  ProfesBor  Winchell  present* 
strong  evidence  to  show  that  the  preglaoial  channel  of  the 
Miesigstppi  ahove  St.  Paul  ran  iu  a  nearly  straight  line  with  the 
lower  vnlley  and  reached  the  present  valley  again  seven  or  eiglit 
niilce  north  of  Minneapolis.  This  be  supposes  to  have  lieen 
tilted  up  during  the  tirst  glacial  epoch,  while  in  the  intcrgbciiil 
L'poch  the  channel  that  baa  long  been  known  west  of  Minneap 
otis  wae  eroded,  to  he  filled  on  tho  advance  of  the  last  glacial 
ice  sheet.  This  amount  of  work  he  estimates  would  not  have 
required  more  than  9,750  years,  which  would  be  the  length  of 
the  interglacial  epoch  in  that  latitude.  Though  this  is  ta 
nothing  to  the  length  of  the  period  as  estimated  by  Professor 
Ohamberlin  for  the  southern  part  of  the  glaciated  area,  it  ii  I 
sufficiently  long  to  make  us  ask  whether  the  data  are  suffieient  | 
bv  which  be  would  establish  the  difEerent  ages  of  those  pre-  | 
glacial  channels'^  The  aspect  of  the  unglaciatcd  areas  where 
secular  erosion  is  open  to  inspection  is  sucb  as  to  throw  miioh 
doubt  over  surface  indications  in  the  glaciated  region.  I 
should  be  inclined,  therefore,  to  wait  for  further  light  Wore 
committing  myself  unreservedly  to  the  theory  in  question. 

y.  The  final  consideration  bearing  on  the  duahty  of  the 
glacial  period  is  drawn  from  the  successive  enlargement  iind 
desiccation  of  Lakes  Bonneville  and  Lahontan,  in  the  arid 
basin  west  of  the  Kocky  Mountains.  This  coincidence  is 
certainly  very  striking,  and  the  theory  that  there  is  a  cauMd 
connection  between  the  phenomena  of  the  glacial  j)eriods  and 
the  enlargements  of  these  lakes  is  very  plausible.  But  in  our 
general  ignorance  of  the  causes  of  local  climatic  changes  such 
a  coincidence  should  not  go  far  iu  face  of  other  evideMs. 
There  are,  for  example,  successive  salt  deposits  in  many  rejriont 
which  indicate  local  variations  of  climate  equal  to  anyibing 
whicii  can  be  demonstrated  in  the  great  liocky  Mountain 
Basin,  but  in  geological  periods  when  we  have  no  reason  to 
suspect  glacial  conditions.  That  the  last  enlargement  of  Lake 
Bonneville  coincided  with  the  glacial  period  is  pretty  certain- 


O.F.  Wright— Unity  of  the  Glacial  Epoch.         878 

nt  that  there  were  glacial  periods  to  accompany  the  earlier 
olargemeDts  is  by  no  means  so  evident. 

Futhermore,  as  bearing  against  the  duality  of  the  glacial 
eriod  it  may  be  urged  with  great  force  that  it  is  improbable 
iat  two  periods  should  so  nearly  duplicate  one  another  as 
lese  two  are  supposed  to  have  done.  To  those  who  maintain 
le  snflSciency  of  CroU's  astronomical  cause,  however,  this  is 
ither  an  argument  in  favor.  But  on  the  other  hand,  that 
Eiuse  would  also  demand  a  long  succession  of  periods  during 
11  the  geological  ages,  and  of  these  we  lack  snflBcient  proof ; 
'hile  it  would  throw  the  two  periods  which  Professor  Cham- 
erlin  recognizes  back  much  farther  than  the  facts  will  admit, 
t  must  be  said,  however,  that  it  is  not  wholly  out  of  analogy 
dth  known  earth  movements  to  suppose  that  there  has  been, 
1  connection  with  the  glacial  period,  a  succession  of  oscilla- 
one  of  the  earth's  crust  nearly  duplicating  each  other.  Such 
scillations  seem  to  have  occurred  in  various  geological  ages,  as 
)r  instance  during  the  coal  period  when  the  successive  coal 
eds  were  formed.  And  indeed,  much  can  be  said  in  favor  of 
le  view  that  such  an  oscillation,  when  once  begun  would  per- 
Btuate  itself.  The  loading  of  one  part  of  the  land  surface 
id  its  consequent  subsidence  would  naturally,  if  not  neces- 
lily,  be  attended  with  the  elevation  of  other  and  perhaps 
Btant  portions  of  the  crust.  This  might  secure  the  beginnings 
:  a  glacial  period  in  another  hemisphere,  which  when  fully 
rown,  would  return  the  favor,  and  by  its  weight  cause  the 
LFth's  crust  to  bulge  out  again  where  it  had  been  depressed. 
nt  our  knowledge  of  these  matters  is  too  vague  to  reason  on 

with  any  confidence,  as  is  also  that  of  the  other  causes 
hich  have  been  suggested  for  the  production  of  the  phe- 
^mena  of  the  period. 

In  conclusion  it  is  sufficient  to  remark  that  our  present 
ate  of  knowledge  on  the  subject  seems  so  imperfect  that  it 

not  conducive  to  success  in  investigation  to  hold  any  theory 
\  to  the  unity  or  duality  of  the  period  with  great  positiveness. 
>ver-eonfidence  on  this  point  at  the  present  time  is  likely  to 
lind  the  eyes  of  the  mvestigator,  and  to  hinder  progress, 
oth  in  the  collection  and  in  the  interpretation  of  the  multitu- 
inous  and  complicated  facts  which  everywhere  invite  our 
[06e  attention. 
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Art.  XLV.— -^1  Photographic  Method  nf  Mapping  the  ^a^- 
netic  Field ;  bj  Chahles  B.  Thwixq. 

The  common  method  of  obtaining  a  ci-oss  section  of  the 
field  of  force  of  a  magnet  hy  means  of  iron  filing  le  vcrj 
satiefactopy  wlien  only  temporary  rcprewentatione  of  the  ficM 
are  desired.  There  has  been  waiitin^r  hitherto  a  snitalile 
motbod  of  making  a  permanent  map  of  the  magnetic  field. 

A  method  employed  in  the  pbysioal  lalwratory  at  Nortb- 
western  Univereity  bae  been  fonnd  to  give  results  so  fw 
superior  to  any  hitherto  obtained,  that  a  de«inption  of  the 
metbrid  employed  will  pi-ohably  prove  of  value  to  others  who 
may  be  engaged  in, the  study  of  the  magnetic  field. 

While  studying  the  magnetic  field,  it  was  suggested  by  Mr. 
John  Lumay  that  a  permanent  record  uf  the  field  conld  l>e 
obtained  by  securing  a  ma|)  upon  blue  print  paper,  expoeingto 
the  hun,  and  washmg  as  usual.  The  reanlts  obtained  wcrt 
beautiful ;  but  it  was  of  course  necossary  to  repeat  the  proeeu 
for  every  copy  of  the  field  desired.  It  at  once  occurred  to  the 
writer  that  by  employing  a  photographiu  dry  plate,  in  place  o( 
the  blue  print  paper,  a  negative  would  bo  obtained  from  whicli 
any  desired  nurnhor  of  prints  could  be  raada  and  which  would 
have  the  ndditionnl  advuntago  of  ropi'esenting  the  tigui^eain 
their  true  coloi>. 


Appnralus  i 

Tlie  apparatus  employed  is  shown  in  fig.  1,  which  also  iliW' 
trates  the  method  used  in  distributing  the  iron  filings  sni) 
exposing  the  plate. 
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For  obtaining  the  field  of  a  bar  magnet,  the  magnet  was 
)Iaeed  npon  a  large  card,  previously  marked  with  concentric 
lircles  and  parallel  lines  to  facilitate  the  centering  of  the  mag- 
let.  The  photographic  plate  was  placed,  film  side  up,  directly 
ipon  the  magnet  Tlie  iron  filings  were  held  at  a  distance  of 
.  foot  above  the  plate  in  a  bag  of  loosely  woven  flannel,  from 
vhich,  by  shaking  the  bag,  they  could  be  evenly  distributed 
►ver  the  snrface  of  the  plate  The  plate  was  then  held  at  two 
)oint6  and  tapped  gently  until  the  filings  had  arranged  them- 
elves  along  the  lines  of  force.  The  room  was,  of  course,  up 
o  this  point  illuminated  only  by  non-actinic  light.  The  ex- 
>06iire  was  now  made  by  turning  the  key  of  an  incandescent 
amp,  supported  at  a  convenient  distance  directly  above  the 
enter  of  the  plate.  The  position  of  the  lamp  is  a  matter  of 
onsiderable  importance,  as  the  light  from  a  gas  jet  at  one  side 
►f  the  plate  will  cause  the  tilings  to  cast  a  shadow  and  give  an 
ncorrect  representation  of  the  lines  of  force.  Where  an 
lectric  lamp  is  not  convenient,  nearly  as  good  results  may  be 
obtained  by  holding  a  lighted  match  above  the  plate.  It  is 
Qore  difficult,  however,  to  time  the  exposure  correctly  by  this 
aethod,  and  the  match  will  often  so  cast  a  shadow  upon  the 
►late  as  to  cause  irregularity  of  illumination.  After  exposure, 
he  plate  is  tipped  so  that  the  filings  may  slip  off,  and  tne  few 
ehich  still  cling  to  the  surface  of  the  film  are  carefully  re- 
noved  by  means  of  a  fine,  camels-hair  brush.'  The  negative 
8  then  developed  and  fixed  in  the  usual  way. 

The  plates  employed  should  be  of  a  sort  to  give  the  strongest 
Kwsible  contrasts.  A  slow  plate  such  as  Carbutt's  process 
)Iat6  was  found  to  give  most  satisfactory  results.  This  plate 
eqnifed  an  exposure  of  twenty  seconds,  when  a  sixteen-candle 
)om/f  lamp  was  placed  at  a  distance  of  eighteen  inches  from 
he  plate.  If  a  match  is  employed  to  illuminate  the  plate, 
)artHiti'8  B  16  may  be  used,  with  an  exposure  of  about  three 
600lldi>  and  nearly  as  good  results  will  be  obtained. 

Ypt  making  prints  from  these  negatives,  any  paper  may  be 
mplojed  which  will  give  good  black  and  white  tones.  I  nave 
Dimd  the  aristotype  paper  to  give  beautiful  results  when 
rinted  deeply  and  toned  to  exactly  the  right  point  Keduced 
ontiveB  from  these  negatives  make  very  brilliant  lantern 
idea,  by  means  of  which  a  great  variety  of  magnetic  fields 
lav  be  shown  to  a  large  audience.  The  want  of  such  lantern 
ides  for  illustrating  popular  lectures  has  been  felt  by  the 
'riter  and  doubtless  by  many  others. 

Figures  2  to  5  show  typical  forms  of  the  field  of  a  bar  mag- 
et.  To  obtain  the  best  results,  the  bar  magnet  should  be  a 
:rong  one  and  of  considerable  size,  since  the  nlm  is  of  neces- 
:ty  placed  the  thickness  of  the  glass  plate  away  from  the 
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magnet,  and  with  a  weak  magnet  the  lines  will  not  be  suffi- 
ciently distinct;  eepeciftlly  since  it  is  necessary  to  employ » 
considerable  quantity  of  the  iron  filings  in  order  to  make  a 
brilliant  negative. 


Fig.  2.     End  □[  Bnr  Mognet. 
Fig.  6  was  made  on  a  &  by  8  plate  witli  a  four  incli  boiW- 
flhoe  nugnet 


'^WW^' 


Fig,  3.  Bur  Magnet. 
In  fig.  7,  six  similar  eight  inch  square  bar  magnets  were 
employed,  and  placed  with  alternate  poles  toward  the  center. 
This  is  the  arrangement  commonly  employed  in  the  fields  of 
an  alteniuting  dynamo ;  and  the  figure  gives  a  very  good  idea 
of  the  lines  of  force  in  such  field. 
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Id  the  preparation  of  this  plate,  a  marked  diatinction  vag 
□oticed  between  the  north  and  eonth  poles  of  the  magnets. 
This  difference  is  fairly  well  ehowii  in  the  cut. 


The  alternate  poles  beginning  with  the  pole  upon  the  left 
nf  fig  7  are  tioutli  poles  The  tilings  in  tlie  neighborhood  of 
llese  poles  are  m  every  case  more  erect  and  exhibitgreater 
ntensity  of  action  than  those  at  tlic  north  poles  Whether 
thu  is  dne  to  a  real  difference  between  the  north  and  south 


Fig.  5.    Like  Poles. 


X)1e8  of  the  magnet  or  is  to  be  explained  as  a  mere  coincidence, 
%n  oqIt  be  determined  by  more  careful  observations  than 
hoee  wnich  I  have  yet  made. 
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Figure  8  is  u  repreeentation  of  tlic  field  of  a  dUc  msffnet 
made  \y  ruagnet  e.  t,  a  s  a  I  c  r  nlar  slott  ng  saw  ol  2) 
nchea  d  ameter  and  it  li  (>f  <  ...  ™.      ■ 


:  aa  m  }    th  ckness     The  lunof 


'^j^^-^s^ii^^mm'/--' 


i/i. 
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force  bear  a  striking  reBemhlancc  to  some  drawings  of  liie 
solar  i!oroiia,  atid  ma;  suggtxi  tbu  correct  explanatiou  of  tiiat 
bot  little  understood  pheuorntmon. 


Tl  e  ng  hgiirc's   II  istnte  sect  ons  of  fields  of    a 

forms  of  electro-magnets. 

Figure  ^  is  a  section  of  tlie  field  of  a  small   motor  of  I'k 
closed  field  tjpe,  and  resembles  quite  closely  tlie  field  of  the 
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e  magnet  ehown  in  fig  U  The  leakage  indicated  by  the 
es  at  the  right  of  the  tignre  is  dae  to  the  iron  base  upon 
ich  the  iieloB  were  moonted 


■^ 


Both  figures  9  and  10  were  obtaiaed  by  removing  the  arma- 
re  and  one  bearing  so  as  to  make  it  possible  to  place  the 
ite  within  a  short  distance  of  the  field,  at  right  angles  to  the 
nature  shaft. 
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Interesting  Hfitires  miglit  be  obtained  by  ineerting  rinat 
betneen  the  ]  le&  e  in  Ur  iii  forn  to  tie  rings  of  uLichthe 
arinat  i  e  e  co  nposed      These  figi  r      II       ut     i  laree  cliMof 


Type 

very  inHtniotivc  iniips  whioh  might  be  made  of  tbe  vanon. 
types  of  inuf^netic  fields  now  in  use.  A  careful  stndy  of  i 
sot  of  such  ti^iircB  ehould  afford  valuable  sngj^tions  to  thi 
desiener  of  field  magnets  and  transformers. 

Tne  motomi  used  in  Figures  H  and  10  are  shown  with  th' 
s  removed  in  figure  1. 


Fig.  11.     Electro- Mognet. 
Figures  11  and  12  represent  the  held  above  the  poles  of  tliP 
small  electro-magnet  shown  in  figure  1. 
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In  fij^re  11  tbe  filiuf^  in  the  regions  near  the  poles  are 
drawn  to  the  poles,  leaving  tliose  regions  bare. 


Fig.  ]2.     Electro-Uagnet— Iron  ChippingH. 

The  somewhat  fantastic  field  shown  in  figure  12  was  oh- 
t&iaed  from  the  same  electro- magnet  by  employing  coarse  iron 
sliippings,  instead  of  the  finer  iron  filings  used  in  the  remain- 
Jig  fignres.  The  position  of  the  bits  of  iron  parallel  to  the 
iuee  of  force  is  distinctly  shown. 

Holt. — since  prepariog  the  sbore,  107  Rttention  bae  been  called  to  the  eicelleot 
trticle  of  ProtesBor  Uouston  in  the  Electncsl  Kni^ineer  for  July  20th,  in  vrbich  b 
cietbod  eiBirtlj  similar  to  the  one  here  deecrilwd  was  briefly  outlined.  This 
UTulahes  anoUier  instance  of  the  aimultaneoua  invention  of  a  process  b;  two 
nveatigatora,  each  norkipg  wboll;  without  knowledge  of  what  the  other  is  doing. 


Abt.  XLVI.  —  Vontributiona  to  Mineralogy,  No.  5^  ;  by 
F.  A.  Gkhth.  With  Crystallograpkic  Notes;  by  S.  L. 
Penfield. 


Since  the  publication  of  my  investigations  on  agoilarite," 
I  had  an  opportunity  to  examine  quite  a  number  of  specimens 
of  this  mineral.  Only  a  vej-y  few  sviuU  frag-ments  of  pure 
<zguilarite  in  skeleton  dodecahedrona,  like  the  original,  were 
found  among  them  ;  most  of  them  were  altered,  as  previously 

*  Thla  JounuO,  zli,  401. 
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(leBcribed.  There  were  eeveral,  however,  which  deserve  i 
short  notice, 

a.  One  variety  in  irregular  flat  particles  tietween  the  cleavage 
cracks  of  calcite  or  calcite  and  quartz,  with  a  hackly  fracture 
iitid  iron  black  color  had  the  couipoettion  of  ncurly  pure  agui- 
liuite  («)- 

/'.  A  Becond  variety  made  up  of  Bmall  capillary  needle- and 
wire-ehaped  individuals  without  any  distinct  planes,  also 
minute  rounded  particlcE,  all  funning  an  irregular  spongy 
iiiiiea  of  an  iron  gray  color  and  metallic  luster.  Between  tMs 
are  aniall  crystals,  not  over  5""  in  diameter,  apparently  Iiesag- 
onal  and  much  rcaenibling  forms  of  polyliasite,  produced  br 
twinning.  The  material  for  the  analysis  (A)  was  selected  with 
great  care,  but,  as  the  results  show,  gave  the  compositioD  of 
agiiilarite,  slightly  contaminated  with  a  aulphantimonide. 


Ag 

79  41 

80-27 

S 

Se 

18-88 

)2-73 

Cu 

0  50 

ii'OT 

Fe 

0-26 

Sb._ 

0-41 

e.  Simitar  crystals,  as  mentioned  under  S,   were  found  on 
quartz,  associated  with  calcite,  some  of  them  were  over  10" 

in  diiimeter.  On  cxanvination  with  a  lens  they  could  easily  be 
seen  to  be  made  up  of  different  minenile  and  were  evidently 
the  result  of  the  alteration  of  aguilarite  into  stephanite,  u 
previously  described,  with  metallic  silver,  argentite,  etc,  Tiie 
outer  portion  was  brittle,  the  inner  malleable — but  neitlier 
could  be  obtained  in  a  state  of  purity.     They  i^ave  : 


Brittle  portion. 

Malleable  portion. 

Ar. 

67-.=>8  01 

Ag,S.. 

62-85 

A^.. 

.  8405  01-  Ag... 

■2b-^.i 

f.i 

6-83 

A"  Se . 
CuS . . . 

16-35 

Cm. 

.      1-83         Ag,S. 

K> 

0-42 

9-27 

Ke. 

Ae.Se 

\V.« 

SI, 

6-fi3 

FfS... 

0-56 

Sb,, 

.     1-24         CiiS.. 

As_ 

Sb,S... 

9-5ti 

As.. 

.     0-28         Sb,S. . 

i-;4 

s*- 

;fj| 

Se 

.     3-82         A5.,S,- 

l)'46 

s  .. 

1476 

S  ... 

.     8-76 

These  crystals  had  been  considered  to  be  a  new  species. 

(/.  In  the  lot  of  aguilarite  specimens  was  noticed  a  small 
piece  of  quartz  and  calcite  witn  solid  dodecahedral  crystals, 
mostly  distorted,  from  1-2™  in  size.     As  there  was  no  indies- 
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tion  of  any  cavernous  crystals  I  thought  they  might  show  a 
different  composition. 

The  aDalysis  gave :  Calculated : 

Ag 84-40  Ag 85-06  per  cent. 

Cu 0-49  S 1103       " 

S 11-36  Se 3-91       " 

Se(bydiff.) 3-76  


10000 


100-00 


This  is  the  composition  of  argentite  in  which  |-  of  the 
sulphur  is  replaced  by  selenium.  The  composition  correspond- 
ing to:  |-Ag,SeH  f  AggS  is  given  above. 

e.  A  specimen  of  acanthite  from  Guanajuato,  Mexico,  pre- 
sented to  me  by  Messrs.  Geo.  L.  English  &  Co.,  was  analyzed 
for  the  purpose  of  seeing  whether  it  contained  selenium,  but 
was  found  to  be  entirely  free  from  it. 

Elongated,  wirelike  distorted  crystalline  particles  in  calcite. 
The  analysis  gave  a  trace  of  quartz  and  calcite  and — 

Ag 86-79 

S 13-20 


99-99 

2.  Metacinnabarite. 

To  Professor  Gustav  Guttenberg  of  the  Central  High  School 
at  Pittsburg,  I  am  indebted  for  an  interesting  occurrence  of 
naetacinnabarite  in  irregular  particles  of  from  6  to  10""  in 
diameter,  disseminated  through  a  ferruginous,  laminated  barite, 
from  San  Joaquin,  Orange  County,  California,  where  it  had 
been  collected  by  one  of  his  pupils. 

Color  iron-black,  but  many  pieces  show  already  a  partial 
change  into  ordinary  cinnabarite,  both  by  a  good  lens  and  the 
reddish  black  powder  which  some  of  the  particles  yield  on 
Dulverizing.  Fracture  conchoidal,  brittle,  soft.  Sp.  gr.  7*706. 
xhe  analysis  gave : 

Hg 85-89 

S 13-69 

01 0-32 


99-90 


It  is  remarkable  that  all  the  fragments  which  were  examiued 
^owed  tlie  presence  of  chlorine.  The  0*32  per  cent  of  CI 
which  were  found  would  indicate  an  admixture  of  1'23  per 
cent  of  calomel. 

Am.  Joitb.  Sol— Thikd  Series,  Vol.  XLIY,  No.  263.— Noysmbbr,  1892. 
26 


[ 
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3.  LSUingltt. 

The  arsenide  of  iron  from  nal^vlmrton's  and  Dram'e  farms 
wliieh,  from  qualitative  tests,  bad  been  mentioned  in  to; 
Minerals  of  North  Oaroliiiu,*'  as  Icucopj'rite,  was  found  to  be 
li'illingite. 

A  specimen  from  Drum's  farm,  Alexander  County,  ino6% 
oxydized  into  8Coroditu.  etc.,  yitldcd  some  very  pnre  fng- 
ments  of  from  +  to  fi""°  in  eize.  They  did  not  show  any  cm- 
talline  faces,  apparently  amorphous;  fracture  con e hoi dal.  Bp. 
jfr.  7'031.     The  analysis  gave  : 

Fe _   70-63 

Cu iraee 

Aa  -_ BT-flS 


The  flesh-colored  orthoclase  from  West  Cheyenne  CafUn, 
EI  Paao  Co.,  Colorado,  contains  uiinnte  black  crystals  which 
were  identified  by  Profeseor  Penfield  as  rutile. 

From  the  specimens  received  by  Messrs.  Geo.  L  English  ft 
Co.  it  appears  that  these  crystals  are  rarely  in  contact  with  the 
orthoclase,  but  generally  implanted  in  the  more  reeeut  quartz, 
resnlting  from  its  alteration  and  filling  its  cavities. 

The  nitiJo  crvstalfi  arf  from  O-.'i  tn  4™"  in  size. 

The  forms  wliich  have  been  observed  on  them  are  a,  100,  )-i,' 
m,  110,  I;  I,  130,1-3;  e,  101,  li  and  a,  HI.  1.  Some  of  the 
crystals  are  like  iig.  1,  a  habit  which  is    not  common  wilb 


rutile  but  reminds  one  ratlier  of  ciissiterite.  Many  of  thecrvt- 
tals  have  four  of  the  |)_vrnitiicl  faces,  a,  larger  than  the  utlitrs 
and  developed  apparently  into  monoelinic  prisms.  Fisi.  2  rep- 
resents one  of  tlio  distorted  crystals  in  ordinary  projection  and 
tifj.  3  Js  a  hasai  projection  of  another,  with  a  still  more  pro- 

•The  Minerals  of  XortU  Caroliu.i,  by  Frcilcrick  Aiigusliis  Geotli,  Bulletio  >'» 
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nonnced  prismatic  habit.  Thoy  are  iron-black  Sp.  gr. 
4-249.  The  analysiB  gave,  after  deducting  0*7  per  cent  of 
quartz : 

SnO, 1-40 

TiO, 91-96 

Fe^O, 6-68 

10004 


5.    Quartz  resulting  from  the  alteration  of  the  fleshrcolored  ortho- 

close  of  W.  Cheyemie  Cafion, 

The  orthoclase  crystals  become  ronnded  and  in  their  decom- 
position leave  cavities  which  are  partially  filled  with  grayish- 
white  porous  and  cavernous  coatings  either  directly  upon  the 
orthoclase  or  with  some  space  between,  filled  with  earthy 
limonite.  The  pure  grayish  or  slightly  greenish  white  material 
shows  a  cryptocrystaUine  structure,  dull  or  with  a  faint  vitreous 
luster.     H!.=8;  Sp.  gr.=2-552. 

In  appearance  it  somewhat  resembles  some  varieties  of  the 
so-called  damourite. 

The  analysis  gave : 

Ignition 0*95 

SlO   96-63 

A1,0, 0-93 

Fc^O, 0-86 

Na,0 trace 

K,0 0-46 

99-82 

from  which  it  is  evident  that  it  is  quartz,  slightly  contami- 
nated with  orthoclase. 

In  the  same  orthoclase  is  a  mineral  in  very  fine  and  minute 
needle-shaped  crystals  of  a  greenish  yellow  color  which  could 
not  be  identified  for  want  of  material. 


6.  Danalite. 

Among  some  specimens  from  W.  Cheyenne  Cafion,  El  Paso 
County,  Colorado,  which  were  given  to  me  for  identification 
by  Messrs.  Geo.  L.  English  &  Co  were  two  fragments,  one  of  a 
crystal  15  X  17°^  in  size,  the  other  not  showing  any  crystalline 
form.  Both  were  discolored  by  iron  and  manganese  oxides 
and  were  found  to  be  an  interesting  variety  of  danalite. 
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i..  The  fragment  is  part  of  a  modified  tetrs- 

hedron,  having  tlie  fonns  o,  111,  I ;  o\  111, 
—  1  and  d,  110,  i,  fig.  4.  One  of  the  dodec*- 
hedral  faces  is  larger  than  the  other  tvo 
and,  ae  it  makes  a  right  angle  with  the  lam 
tetrahedral  faces  adjacent  to  it,  it  gives  m 
erjatal  the  appearance  of  being  part  of  i 
modified  cutie. 

No  cleavage  has  been  observed ;  fracture  uneven,  splinterj 
to  auhconohoidal,  color  of  some  portiooB  pale  rose  color  to 
browniBh,  owing  to  ulight  oxidation.  Sp.  gr.=  3626  to  S'tiSl. 
Luster  vitreous. 

The  material  used  for  analysie  was  purified  hy  digesting 
■with  very  dilute  hydrocliloric  acid  and  had  a  fine  pale  rose 
color,  like  a  deeply  colored  rose  quartz.  The  mean  of  two 
closely  agreeing  aoHlyses  is  as  follows : 

Hoi.  r-tio. 

Ignition 0'21 

SiO, _    30-26         Si 1*12         -504  S-M 

IkO 12-70         Be  --.     4-70         -fiOw  "l 

CuO 0-30         Cu  ...     0-24         -004 

ZnO 46-20         Zn 3707         -670  \  1-187       B-« 

FeO 6-81         Pe 5-37         -098 

MnO 122        Mn ..-     0-98        •017] 

S 6-49  '179  IW 

10319 

I.esH  O  for  S  ...      2-7B 

100-41 
0 35-0-1         2'78  32-2«        2-016  ll-*! 

closely  ugroclng  with  the  fonnnla: 

(Be,  Zn,  Ft^,  Mn),Si,0„S 

Associated  with   quartz,   astrophyllite   and    a    mineral   ithicli 
appeal's  to  be  new. 

7.    i'/lriuin- Calcium  Fhiorhk. 

On  some  of  the  qunrtz  associated  with  astrophyllite  was  i 
mineral  in  granular  crystalline  particles.  Some  frasrmentj 
show  reflections  from  cleavage  planes.  White,  grayish  white 
and  reddish. white.     II. =  4.     8p.  gr.  =  4-316. 

In  the  analysis  of  the  !>est  fragment  which  I  could  get,  a 
little  over  one  gi-ani,  the  mineral  was  decomposed  by  sulphuric 
acid,  by  which  the  fluorine  was  expelled  as  IIFl  and  the  little 
silicji  as  SiFI,.     The  analysis  gave  : 
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Calculated  as 
fluorides.        Molecular  ratio. 

Ignition l'5l 

CY tyEr)fi* 47-68  68-05           Sll  ) 

CeO, 0-83  0-96            006  V -331          1 

(La,  Di),03 1-56  1-86           -009  ) 

CaO 19-41  2703           -347                    1 

Fe,0,  and  other  admixtures  

not  det.  89-47 

This  gives  the  formula  CaFI, .  (Yt,Er,Ce,La,Di)Fl,. 

8.  Altered  Zircon  or  Cyrtolite. 

Messrs.  Geo.  L.  English  &  Co.  sent  me  for  identification 
crystalline  groups  of  about  10  to  15""*  in  size.  They  consisted 
of  bundles  of  crystals  of  columnar  structure,  radiating  from 
a  center  with  tneir  prismatic  planes  mostly  obliterated  and 
terminated  by  rounded  planes  of  the  common  pyramid  of* 
zircon. 

They  were  stained  with  a  greenish  brown  coating  of  the 
oxides  of  iron  and  uranium,  and,  for  purification,  had  to  be 
treated  with  dilute  hydrochloric  acid  after  which  the  color  is  a 
very  light  greenish  gray.     Sp.  gr.  =  4-258. 

Associated  with  rauscovite,  flesh-colored  orthoclase  and 
quartz,  at  Mt.  Antero,  Chaffee  Co.,  Colorado. 

The  analyses  gave : 

a.  h. 

Ignition 2*42                   2-47 

SiO, 30-38  30-66 

ZrO, 61-38  60-89  (by  diff.) 

Yt,0, 0-60                   0-65 

FeO,  0-70                   0-63 

UO, 4-82                   4-70 

MnO,  MgO,  CaO traces  traces 


100-30  100-00 

9.  Lepidolite, 

A  very  beautiful  variety  of  lepidolite,  associated  with  albite 
and  quartz,  from  Tanagaina  Yama,  Japan,  has  been  received 
from  Messrs.  Geo.  L.  English  &  Co.     It  occurs  in  crystal- 

*Tho  molecular  weight  of  Yt  and  Er  was  found  to  be  126.  The  oxides  were 
jellow  and  the  sulphates  and  oxalates  slightly  rose-colored.  Although  these 
results  are  somewhat  unsatisfactory,  on  account  of  the  contaminated  condition 
and  small  amount  of  the  material  at  my  command,  I  thought  them  of  sufficient 
interest,  to  place  them  on  record,  as  great  pains  were  taken  to  arrive  at  the  most 
perfect  separation  of  the  constituents.  Should  it  be  my  good  fortune  to  g^t 
larger  quantities  of  this  mineral,  I  intend  to  repeat  this  inyestigation. 
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line  plates  from  8<l  to  80°'"'  in  bIzo.  Profeisflor  Penfield  mvb; 
The  form  of  the  platcg  wae  not  determined.  The  clear  jHir 
tioni^  show  a  biaxial  inlerfercDce  figure  with  wide  divergence 
of  tlie  optical  axes,  aboat  like  miiacovite. 

Color    grayiBli    wliite,    slightly  piiikieli,   lueter   vitreous  lo 
pearly.     Sp.   gr.  =  2-883.     B,B.   it   fueee  readily  to  «  broirn 

flase,  coloring  the  fluuie  inteueely  a  deep  red.     The  analysis, 
eing  the  mean  of  two  or  three  determinations,  gave  : 


SiO, 63*.')4 

I7-7fl 


Al,6, 
Fe, 0. . 
MnO  . 
MgO  . 
CaO.. 
Li,0  . . 
N«,0  . 
K,6.. 
H.O.. 
PI.... 


a-85 
a-77 

0-05  • 
0-37 
4  60 
1-Sfi 
lOOO 

o-es 

7-78 


The  lepidolite  plates  were  all    more    or   leaa   coated 

minute  brownish  white  scales,  wtiieh  appeared  to  be  a  product 


with    I 

'oditct 


of  tlip  nllpriitiun  of  IfpidoHle.     AVitli  ^reat  difliciilty  I  picked 
out  0'J563  grm.  of  pretty  pure  njaterial 


whidi ., 


Fe.O, . 


3 -39 


MiiO 

Li,0 2-19 

Ifliiilioii  - 6'97 

F),  K,0,  Na,0,  etc not  dct. 

Tlierefore  not  cookeite,  but  lepidolite  altered  by  hydration. 


10.  F"ch.^itc. 
In  a  peculiar  mica  schist,  consisting  of  a  gray  niiiSL-oviw 
with  quarts  in  Ilaliersliani  County,  (ia.,  occurs  asBociatud  with 
cliromite  and  iiitcrlaiiiiiiated  with  gray  iiiuscovite  a  deep  emer- 
ald green  mica  in  scales,  sometimes  from  IO-l;i"""  in  diarneter. 
Professor  Penfield  writes  me  about  it  as  follows :  "Tliefnth- 
site  does  not  show  crystalline  outline  and  the  f-calee  are  small 
for  optical  examination,     I   observed  the  following.     The  e«fr 
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tions  show  a  biaxial  interference  figure,  the  diverjgence  of  the 
optical  axes  being  large,  about  like  muscovite.  The  cleavage 
plate  shows  a  decided  pleochroism,  for  rays  vibrating  parallel 
to  c  bright  chrome  green,  and  parallel  to  h  yellowish  green. 

Sp.  gr.  =  2-983. 

The  analysis  gave : 

Ignition 6*04 

SiO. 46-73 

Al^O, 29-00 

Cr.O, 2-73 

Fe,0, 2-69 

MgO   3-03 

CuO 0-14 

Na,0 0-26 

K,0 9-25 

99-77 
Cliemical  Laboratory,  111  S.  lOth  St. 
Philadelphia,  August  29th,  1892. 


Akt.  XLVII. — TJie  Effects  of  Self-induction  and  Distributed 
Static  Capacity  in  a  Conductor ;  by  Fbederick  Bedell, 
Ph.D.,  and  Albert  C.  Crehobe,  Ph.D. 

The  solution  obtained  by  Sir  Wm.  Thomson  for  the  varia- 
tion of  the  current  and  the  potential  at  different  points  in  a 
conductor  possessing  static  capacity  is  given  by  Mascart  and 
Joubert,  L'lllectricit^  et  Le  Ma^netisme,  vol.  i,  §  233,  and  is 
treated  at  length  by  Mr.  T.  H.  Blakesley  in  his  book  on  Alter- 
nating Currents.  The  object  of  the  present  communication  is 
to  give  the  solution  for  the  case  of  a  conductor  possessing  self- 
iDdnction  as  well  as  distributed  capacity,  and  to  note  the  effects 
produced  by  the  introduction  of  the  self-induction. 

The  rate  of  change  of  the  charge  on  an  element  of  the  cable 
is  equal  to  the  difference  of  the  currents  flowing  into  and  out 
from  it;  and  so,  writing  q  for  charge  and  i  for  current  at  any 
time,  and  x  for  the  distance  of  any  point  from  the  origin — 
positive  direction  being  that  of  current  flow — we  have 

dt  dx 

If  e  is  the  potential  of  an  element,  its  charge  is  j  =  Gedx^ 
where  C  denotes  the  capacity  per  unit  length  of  the  cable,  and 
the  first  equation  may  be  written 


(tj^-l^' 
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By  Ohm's  law  the  current  in  an  eletneut  is  eqnal  W  ^e 
total  E.  M.  F.  (the  guai  of  t)ie  impresMKl  sii<]  that  of  self- 
induction)  divided  by  the  resistance;  and,  if  R  is  the  resis- 
tance per  unit  length  and  we  aBEumu  the  hack  K.  M.  F.  of  ^If- 
induction  per  nnit  length  to  be  equal  to  the  rate  of  change  of 
the  current  mnltiplied  hy  a  constuut  I.,  we  may  write 

In  some  cases  this  assumption  may  approximately  represent 
the  tiiie  offect  of  self-induction,  and  the  results  obtain^]  from 
this  particular  assumption  may  bIiow  the  nature  of  the  effect 
of  self-induction  even  in  cases  where  the  aesutnption  Ib  not 
justifiable. 

The  differential  equation  for  potential  is  obtained  by  ehmi- 
nating  i  from  (1)  and  (2)  and  is 

(ly.  at  at 

The  oairent  equation,  obtained  in  the  same  way,  is  sijmlar 
when  i  is  written  instead  of  e.  ~       ^    ^ 

Tiie  general  solution  of  these  equations  is  — 


wlicrc  £  is  tlie  Napei'ian  base,  and  /(  and  k  are  constants  to  be 
determined. 

If  the  impresBC*!  E.  M.  F.  is  harmonic,  and  at  the  origin 
e=E  sin  tot,  where  to  denotes  anfrutar  velocity,  the  solution 
fur   the   potential   at  any  point  of  the  conductor  at  any  time 


.^K.-''sii,(,. 


and  Distributed  Static  Capacity  in  a  Conductor.        891 
Cn  these  equations  Im.  denotes  the  impedance,  (R'+L*a>'^; 

p^  y  —-  ^/\m,  —  L (w  ;  and  a  =y  -—  ytm. -h Lew. 

The  solutions  in  equations  (3)  and  (4)  show  that  the  poten- 
tial and  current  are  propagated  in  harmonic  waves  whose  am- 
plitudes decrease  witn  the  distance  from  the  origin  according  to 
A  logarithmic  decrement.  At  any  point  of  the  conductor  the 
potential  and  current  vary  as  simple  harmonic  functions  of  the 
time  with  constant  amplitudes  which  are  different  for  every 
point  of  the*  conductor.  The  current  wave  is  propagated  in 
advance   of    the   potential   wave  by  an    angle   d  such   that 

tan  (?  =  — .     This  phase  difference  diminishes  with  increase  of 

frequency  when  there  is  self-induction,  but  becomes  a  constant 

angle  of  45°  when  L=0.      The  wave  length  is  —  and  the 

late  of  propagation  is  — .  The  wave  length  and  rate  of  propa- 
gation each  become  less  as  the  self-induction  increases.  The 
wave  of  higher  frequency  will  have  the  shorter  length  and  be 
propagated  the  faster.  This  difference  in  rate  of  propagation 
of  waves  of  different  frequencies  is  most  marked  when  there 
IB  no  self-induction. 

The  distance  at  which  the  amplitude  decreases  to  —th  of  its 
value  is  —  =  t: — : 7, ;   the  time  for  the  decrease  is 


p      ^Tz  tan  d '  a>  tan  d' 

The  rate  of  decay  is  most  rapid  when  there  is  no  self-induc- 
tion. The  waves  of  higher  frequency  decay  more  rapidly 
than  those  of  lower  frequency ;  when  there  is  no  self-induc- 
tion this  difference  in  the  rate  of  decay  is  the  greatest. 

The  difference  in   the  rates  of  propagation  and  decay  of 
waves  of  high  and  low  frequency  doubtless  constitutes  the 
limitations  to  the  use  of  the  telephone.     As  the  several  har- 
monic components  of  a  complex  tone  advance  along  the  con- 
ductor, they  keep  shifting  their  relative  phases  according  to 
the  difference  in  their  rates  of  propagation,  and  also  change 
their  relative  intensities  according  to  the  difference  in  their 
J^tes  of  decay,  thus  changing  the  resultant  combination  tone 
and  materially  altering  its  quality.     These  effects  are  always 
present  in  circuits  containing  distributed  static  capacity  but 
are  not  so  marked  when  there  is  also  self-induction. 

Physical  Laboratory  of  Cornell  University,  July,  1892. 
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Art.  XLVIII. — The  Quantitative  DeterTninaiimx  fff  Ihthiii- 
ium  by  the  Spectroscope;  by  F.  A.  Gooch  and  J.  I. 
Phixney, 

[ContributioDS  rrom  the  Kent  Chemical  Laborstorj  ol  Yile  Colle^ — XVII!.] 

In  a  recent  paper  issned  from  thia  laboratory*  the  po»i- 
bility  of  determining  email  amounts  of  potassium  quantitO' 
lively  by  means  of  the  flame  spcctrnm  wa^  demonstrated. 
The  work  which  we  are  about  to  doscrihe  was  performed  in 
the  endeavor  to  see  how  far  fiimilar  methods  might  be  appli- 
cable to  the  quantitative  determination  of  rubidium.  It  was 
shown  in  the  former  work  that  hollow  uoils  of  plationiu  wire 
may  be  adjusted  to  hold  definite  amounts  of  liquid  and  that. 
by  taking  care  to  plunge  the  coil  while  hot  into  the  liquid  and 
to  remove  it  from  the  liquid  with  its  axis  inclined  obliquely  to 
the  surface,  it  is  possible  to  take  up  constant  amonnts  throiiiili 
a  long  series  of  experiments.  It  tlius  becomes  possible  to 
bring  definite  amounts  of  any  soluble  substance  into  a  flame  to 
be  viewed  spectroscopically.  The  potasHium  salt  l)est  adapted 
to  spectroscopic  use  pi-oved  to  bo  the  chloride,  and  it  wu 
found  to  be  advantageous  to  dry  the  coils  over  a  hot  radiator 
before  introducing  them  into  the  flame.  A  Urge  Mnencks 
burner  gave  the  oest  sort  of  flame,  an  ordinary  single  prism 
spectroscope  provided  ^vith  an  adjustable  slit  (the  width  of 
which  wc  were  iible  to  fix  by  closing  it  upon  wires  of  known 
diameter)  and  an  observing  telescope  moveable  so  that  difiereni 
portions  of  the  spectrum  might  be  shut  out  at  will,  served 
sufficiently  well  for  the  wurk.  The  coils  were  made  of  No.  2S 
platinum  wire  {0-32""°  in  diameter)  wound  in  about  thirty  tarw 
to  a  spiral  1™  long  by  2"""  in  diameter  and  twisted  together  »t 
the  ends  to  form  a.  long  handle.  With  the  apparatus  describol 
it  was  found  possible,  under  the  most  favorable  conditions,  to 
recognize  the  characteristic  red  line  of  the  potassium  soectrnm 
when  only  ^nVfi  "^K-  '^f  potassium,  in  the  form  of  the  chloriiie, 
was  brought  to  the  flaTne,  It  appeared,  furthermore,  that  a 
fOTn|i;irisni)  iif  tlii^  briffhtriess  of  two  spectra  produced  in  clos 
siicc-ff-r^i<in  ci'uld  lif  tii:i<k>  with  all  the  accuracy  to  be  antici- 
p;iti'd  in  i^lir'toinuli-ie  iiiL'afurcments,  and  that  therefore  bv 
gnuhial  diIutLOll.■^  and  .successive  testings  a  solution  of  potss- 
siuni  chloride  of  unknown  wtrcngth  could  be  brought  to  tlie 
point  of  dintaining  as  much  potassium  to  the  coil-full  (and  »• 
of  t'liurse,  to  the  cubic  centimeter  or  any  other  chosen  voliiine.' 
as  a  stiindard  solution  of  known  strength.      By  noting  the  finji 
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volarae  to  which  snch  an  ankDown  solntion  was  broufj^ht  in 
the  process  of  equalizing  its  spectrum  with  that  of  the  stan- 
dard its  total  contents  in  potassium  was  determined.  In  this 
manner  the  strength  of  solutions  of  pure  potassium  chloride 
proved  determinable  with  accuracy,  but  when  the  effect  of 
intermixing  pure  sodium  chloride  with  the  potassium  salt  was 
studied  it  transpired  that  the  brilliance  of  the  potassium  spec- 
trum was  markedly  increased  by  the  presence  of  the  sodium 
in  the  iiame,  the  maximum  increase,  which  amounted  to 
twenty  per  cent,  appearing  when  the  ratio  of  sodium  chloride 
to  potassium  reached  100  : 1.  It  was  found,  however,  that  the 
practical  difficulty  of  determining  potassium  in  presence  of 
sodium  -could  be  largely  overcome  by  taking  the  precaution  to 
bring  the  test  solution  and  the  standard  to  apparent  equality 
as  regards  the  potassium  line,  then  to  bring  the  solutions  to  an 
equality  in  respect  to  the  sodium  line  by  addition  of  sodium 
ehloride  to  the  standard,  and  iinally  to  readjust  the  volumes  of 
test  and  standard  until  the  potassium  lines  were  again  equal. 
The  accuracy  of  the  determination  of  the  potassium  is,  how- 
ever, in  spite  of  the  precaution,  somewhat  aflfected  by  the 
Eresence  of  sodium, — the  error,  though,  sometimes  falling  as 
jw  as  A^  mg.  in  10  mg.,  rising  occasionally  to  1  mg.  in  15  mg. 
With  tne  excellent  gravimetric  method  which  we  possess  for 
the  determination  of  potassium  recourse  would,  naturally, 
never  be  taken  to  the  spectroscopic  method  except  in  cases 
when  the  determination  of  small  absolute  amounts  are  con- 
cerned, .but  in  such  cases  the  spectroscopic  method  may  prove 
a  convenience. 

In  the  work  upon  potassium  the  observations  of  the  red  line 
were  made  in  the  ordinary  laboratory  in  diffused  light,  but 
preliminary  experimentation,  upon  the  rubidium  spectnim 
immediately  developed  the  fact  that  the  blue  lines  are  better 
to  work  by  in  the  case  of  this  element,  and  that  a  dark  room 
becomes  a  necessity.  For  the  experiments  to  be  described 
pure  rubidium  chloride  was  prepared  by  many  fractional  pre- 
cipitations by  alcohol  out  of  aqueous  solutions,  and  in  settling 
tlie  question  as  to  the  coils  which  should  be  used  the  choice 
fell  upon  the  size  holding  0*02  grm.  of  water  and  made  of  the 
!No.  28  wire,  the  superior  stiffness  of  these  and  consequent 
constancy  in  capacity  giving  them  the  advantage  over  smaller 
coils  of  liner  wire,  though  the  latter  are  capable  of  bringing 
out  greater  sensitiveness  of  the  reaction.  We  found,  for 
example,  that  under  the  most  favorable  conditions  as  to  height 
of  ffame  and  width  of  slit,  0*0002  mg.  of  rubidium  chloride 

E reduced  the  blue  lines  at  the  last  limit  of  visibility  when  the 
irger  and  heavier  coil  was  in  the  flame ;  with  a  coil  holding 
0'006  grm.  of  water  and  made  of  very  fine  wire  the  more 
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immediate  volatilization  of  the  chloride  bo  inereasci(i  the 
cacy  of  tlie  spectroscopic  reaction  that  it  wa«  jtossible  t 
the  lines  from  O'OOOOo  mg.  of  the  salt.  These  figures  8«f 
an  indication  of  the  possible  delicacy  of  this  method  ot 
ducing  spectra,  bnt  it  nhoald  be  remembered  that  all  ey 
not  see  the  rubidinm  lines  with  equal  ease. 

In  experimenting  with  rnbidium  sulphate  in  place  (^ 
chloride  the  lighter  coil  appeared  to  lose  its  advantage  in ; 
of  delicacy  of  the  indication  over  the  larger  coil,  poesil]) 
cause  the  amount  of  metal  introduced  into  the  fiaine  hS 
inHuence  upon  th«  rate  of  vaporization  of  the  less  volfttfli 
phate,  and  the  lines  of  the  aulpliHte  appeared  eqiialljr  <ii( 
and  of  longer  duration  than  those  of  the  chloride  ;  but,  i 
we  judged  the  sniphate  to  lie  rather  preferable  in  qualil 
work,  our  earlier  preliminary  quantitative  experiments  li 
to  abandon  it  for  the  purposes  of  our  investigation  on  ace 
of  the  great  uniformity  m  the  lines  yielded  by  tbc  chic 
We  found  it  desirable  in  comparative  tests  of  brightne 
employ  as  the  standard  the  hues  given  by  amounts  ol 
chloride  not  exceeding  OflUOS  mg.  to  0-0007  mg,,  to  sef 
alit  at  a  width  of  O-S""",  and  to  bring  the  coils  to  the  flac 
sets  of  thi-ec — the  tirst,  usually  a  standard,  serving  to  fi; 
position  of  the  lines  so  that  the  comparative  distinetneseo 
lines  given  by  the  other  two  might  be  the  more  readily  d 
mined!  The  tables  below  contain  the  record  of  an  atti 
to  dilute  a  solution  of  (he  pure  chloride  to  the  strength  ol 
standard  solution  under  tlic  guidance  of  comparative  te^ 
the  brilliance  of  the  spectral  lines  yielded  by  the  residiu 
upon  the  wires  after  the  evaporation  of  the  solutions  take 
by  coils  of  equivalent  capacity.  Dilutions  were  made  in  i 
nary  graduated  cylinders  of  suitable  capacity. 


200 
:i70 

U.ii;hli-r. 
ISriL'bl.T. 

Uri-hicr. 

IJii^^llllT. 

4(KI  \ 

Ilritrliter. 
(  Urii-hlor  (faiiill 
\  Hnir|iUT(f;iiiiil 

{ ]>ouU!rui. 

4  10  i 
till  \ 

1   UriirhlL-i-  (l.'iiiill 

4 'JO  J 
4 -JO   ( 

\  KqiialK-  hiiaiil. 
■j  Wi.akeV. 

4-30 

Invisible. 
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len  the  volume  of  the  test-solution  reaches  400  cm*  the 
itions  are,  on  the  whole,  that  the  solution  is  still  stronger 
an  equal  volume  of  the  standard  ;  and  when  the  volume 
nta  to  420  em'  it  is  safe  to  conclude  from  the  indications 
he  test-solution  is  the  weaker.  If  the  mean  of  the  num- 
•epresenting  these  two  volumes  be  taken  as  probably  indi- 
)  of  the  volume  at  which  the  test  and  standard  lines  are  at 
uality  we  have  the  estimated  amount  of  rubidium  in  the 
dlntion  given  by  multiplying  the  volume  in  cubic  ceuti- 
•B  by  the  number  of  coil-fulls  in  1  cm'  and  the  product 
le  amount  of  rubidium  contained  in  a  coil-full  of  the 
ard  solntion— 410X50  X  0-0005 =10-25  mg.  The  amount 
bidium  actually  taken  in  the  test  solution  was  10  mg.,  and 
jrror  of  the  mean  value  assumed  is  25  per  cent+, 
8en  extremes  corresponding  to  an  error  of  0  and  5  per 
+,  respectively. 


Experiment  11. 

Standard. 
Rubidium  in 
coil-full  {^  cm'.) 

Test  (known  to 

contain  10  mg.  Kb.). 

Volume  in  cm*. 

Line  of  test 

compared  with 

standard. 

0-0006  rag. 

U                  (( 

340 
370 
370 

390 
390 

.  Brighter. 

\  Equally  bright. 

(  Brighter. 

j  Weaker. 
\  Weaker. 

^       J  370  + 
Found i- 

390 

X  50X0-0006  = 

=   9-6  mg. 

Taken  

Error 

— 

Experiment  III. 

10-0    " 
0-6    *'  =  6  per  cent. 

Standard. 

Rubidium  in 

a  coil-full  (u»ir  cm»). 

Test  (known  to 

contain  10  mg.  Rb.). 

"STolume  in  cm*. 

Line  of  test 

compared  with 

standard. 

0-0005  mg. 

<(           (( 

U                (( 

300 
360 
380 
380 
390 
400 
410 

Brighter. 

Equally  bright. 

Brighter. 

Brighter. 

Brighter. 

Weaker. 

W  eaker. 

Found  — 

+ 

2 

400 

X 50X0-0006  : 

=  9-876 

Taken .... 
Error 

«     w 

10- 
0-126  =  1-26  per  cent. 

I 
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These  resulte  make  it  plain  that  when  the  coinparieon  it 
made  between  siilutiona  of  pure  rubidium  chloride  the  spec- 
troscopic method  is  capable  of  yielding  fair  »pprosimiitia&e  tu 
troth.  In  the  practical  determination  of  rubiaium,  however, 
the  (jueation  of  the  effect  of  the  presence  of  sodium  and  potw- 
eium  which  naturally  accompany  it  is  of  importance.  Atten- 
tion was  therefore  tnrned  next  to  the  consideration  of  thi* 
point,  and  the  record  of  obBervations  as  to  the  influence  of 
sodinnt  upon  the  bri^Utueet;  of  the  rubidium  ei>ectram  is  con- 
tained in  the  accompauyiufr  tubular  statement. 

Staodnrd.  Test  Bolatloa.  Compariion  of  Cumpnrisaii  of 

BubtdlummROOll-    Sodium  In  ii  lines  oCleslbf  lioeaor  teal  inib 

full  (i^  om*).  coil-hill,  pairs.  ElaodaH. 

Eipmily  bright.  Brigliicr. 

Equally  bright.  Brighter. 

Brigliler. 


[  0-00130 
\  0-00260 

J  0-00'jao 

(  0  ■00520    ' 

j  o-0oz«o   "  Brighter. 

(  0-00860    "  ■'  ■ 


„        1  0'002BO    »  Brighter.  ) 

(  0-00780    "  Fiiinter.    (" 

„        J  000260    '■  Brighter.  BngbUr. 

I  U-01601)    "  Invisible  00  account 

of  glare.  Invisible. 

It  appears  that  within  limits  the  presence  of  sodium  in  the 
tlanie  increases  the  brilliance  of  the  rubidium  spectrum.     Tiie 
brightness  of  the  lines  is  raised  under  the  conditions  to  a  maxi  - 
mum  by  the  presence  of   sodium   to   forty  per  cent   of  the 
weight  of  the  rubidium,  and  increase  in  the  amount  of  sodiunrt 
does  not  further  inHuence  the  brightness  of  the  lines  until  the 
proportion  of  sodium  to  rubidium  is  as  ten  to  one;  or,  speak- 
ing broadly,  the  difference  lietween  the  dissociating  effect  of 
sodium  upon  the  rubidium  chloride ^to  which  we  atfrilnite  tlis 
effect  noted)  does  not  appear  to  he  materially  different  whtilifr 
one  or  a  score  of  imdccules  of  sodium  chloride  are  present  W 
one  of  the  rubidium  chloride.     But  when  the  proportion  of 
Muliiini  to  rubidium  much  exceeds  ten  to  one  the  glare  of  li<flil 
diffused  tbroiii,di  the  entire  spectrum  (though  the  sodium  liuf 
it,-ie!f  may  be  cut  off)  begins  to  affect  the  vision,  and  as  the 
increase  advance.^  ultimiitely  extingnishet!  the   rubidium  lines    ' 
utterly.     The  degree  of  increase  in  brilliance  when  the  lines 
are  at  a  maximum   was  determined  by  diluting  the  test  solu- 
tion until  a  coil-full  gave  a  line  C'lually  brilliant  with  that  of 
the  (Standard. 
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tandard. 
dium  in  a 
all  (A  cm»). 

Test  solution. 

Rubidium  in  a 

coil-full  with  i",f 

of  its  weight  of 

sodium. 

Line  of  test 
compared  with 
standard. 

066  mg. 

(                 44 
C                4( 

0-00066  mg. 
0-00048  *' 
0-00046  " 
0-00044  " 

Brighter. 
Bri^jhter. 
Brighter. 
Equally  bright. 

:  is  plain  that  at  the  maximum  degree  of  brilliance  the 
um  18  responsible  for  an  increase  of  fifty  per  cent  in  the 
;htness  of  the  lines. 

'he  details  of  similar  experiments  in  which  potassium 
iride  was  introduced  into  the  flame  with  the  pure  rubidium 
)ride  are  given  in  the  accompanying  tabular  statement. 

Standard, 
ibidium  in  a 
-full  (^  cm»). 

)-00066  mg. 


(( 


<( 


a 


(C 


4( 


C( 


0-0OO66  mg. 


(( 


If 


(4 


If 


ii 


it 


a 


u 


(( 


44 


44 


44 


44 


44 


) 


! 


Test  solution. 
Potassium  in 
a  coil-full. 

0-00020  mg. 

000040  " 

0-00020 

0-00340 

0-00040 

0-00066 

0-00040 

0-00340 

0-00066 
0-00132 
000066 
0-00C46 
0-00066 
0-00660 
000066 
0-01320 
0-00066 
0-02000 
0-00060 
0-02660 
0-00066 
0-03340 
000066 
0-03340 


Comparison  of 

lines  of  test 

taken  by  pairs. 


Comparison  of 
lines  of  tesf 
with  standard. 


44 
44 
44 
44 
44 
44 


44 


44 


44 


44 


44 
44 


44 


44 


44 
44 


44 


44 


44 


(4 
44 


44 


Slightly  fainter.     )  g  •  i. 


Slightly  brighte 
Fainter.    ) 
Brighter,  f 


ter. 


Brighter. 
Fainter. 


Equally  bright. 
Equally  bright. 


Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Invisible. 


Brighter. 
Brighter. 
Brighter. 

Brighter. 
Brighter. 
Brighter. 

Brighter. 

Brighter. 
Equally  bright. 

Brighter. 
Equally  bright. 

Brighter. 
Equally  bright. 

Brighter. 

Invisible. 


Vom  these  results  it  appears  that  the  presence  of  potassium' 
duces  an  effect  upon  the  rubidium  lines  similar  to  that  of 
ium ;  and,  furthermore,  the  addition  of  00004:  mg.  of 
issium  in  the  form  of  chloride  to  0*00066  mg.  of  rubidium 
in  the  form  of  chloride  brings  out  the  maximum  bright- 
(  which  is  not  materially  changed  by  further  addition  of 
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potaesium  up  to  aboHt  0-0013  rng.,  but  that  the  increafe  of  tlie 
potaasium  to  0'0034  mg.  resalts  in  ditniimtion   of  brightness. 
In  other  words,  it  Beems  that  »  single  molecule  of   potaMium 
chloride  has  approximately  the  same  dissociating  enect  upon 
the  molecule  of  nibidiuni  cliJoride  in  the  flame  as  that  brought 
about  by  a  greater  number,  that  the  presence  of  potassium  io 
the  proportion  of  five  parts  to  one  of  the  rubidium  begins  K 
influence   vieibilitj   nnfavorablj,   that  when   thie    proportion 
rises  to  thirty  to  one  of  the  elements  (or  twenty  to  one  of  the 
chlorides)  tile  lines  appear  about  as  distinctly  as  if  no  potas- 
sium were  present,  and  that  an  increase  of  proportion  to  fifty   | 
to  one  may  bring  about  a  sufficient  glare  of  light  to  reduce  tbe   j 
rubidium  lines  to  invisibility.     The  degree  of  increase  in  bril- 
liance due  to  the  actioD  of  potassium  when  that  element  is   J 
present  in   proportions  snitable  to  induce  the  maximum  effect   I 
IB  shown  in  the  following  record.  | 

SiHuditnl. 
Bubidium  in  h 
coil-lull  (iV  cm*). 
0-00086  nig. 


Teat  »olulii)li. 

RllbiiliMiii  111  ■  niit-full 

Line  ci  Wfi 

n-ilh  its  own  woiglit 

oompsred  Willi 

sUiiclirii. 

0-oooeo  mg. 

Brigtiier. 

O-OOO04    " 

Brighter. 

0-00057    *• 

Brighter. 

0-00049    " 

Brighter. 

0-00044    ** 

Equally  brighL 

0-00040    " 

Fainter. 

It  appears  that  the  presence  of  0-00044  mg.  of  potanaiiiin  ts 
capable  of  increiisins;  the  brilliance  of  the  lines  yielded  \<) 
0O0044  ing.  of  rubidititi)  to  an  equality  with  the  lines  p  fen 
by  lJ-00(l6f}  mi;,  of  the  pure  salt;  or,  that  the  ma.\iniinu 
increase  of  brightness  amounts  to  fifty  per  cent. 

It  is  evident,  therefore,  that  means  must  he  found  to  effiH:! 
the  separation  of  the  rubidium  from  sodium  and  potassinni,  ur 
of  bringing  test  and  standai-d  to  the  same  condition  as  reg;aril! 
the  presence  of  these  elements,  before  any  reasonable  dej!"^ 
of  accuracy  can  be  expected  in  the  spectroscopic  determinatiun 
of  rubidiuHi  as  it  ordinarily  occurs  in  nature.  The  separation 
from  sodium  is  easily  accomplished  by  the  conversion  of  tk 
salts  to  the  form  of  cliloroplatinates;  but  for  the  quanlitiHre 
separation  of  rubidium  from  potassium  there  is  no  godd 
method  known.  The  question  as  to  the  practical  value  of  llie 
spectroscopic  i-eactiim  of  rubidium  for  purposes  of  approxi- 
mative tpiantitativG  analysis  resolves  itself  into  the  problem  ns 
to  wbclher  bj  matching  polassinm  Hues  as  well  as  tlie  ru- 
bidium lines  (following  the  method  outlined  in  the  determiua- 
tion  of  potiLisium  in  presence  of  sodium),  and  so  bringing  the 
lines  of  test  and  standard  equally  under  the  influence  of  poUs- 
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siam,  it  18  possible  to  make  the  comparison  between  the 
rubidium  lines  trnstworthj.  It  was  shown  in  the  former 
paper  that  in  matching  solutions  of  potassium  by  means  of  the 
red  line  there  is  no  difficulty ;  but  the  convenience  of  being 
able  to  use  the  spectroscope  without  readjustment  throughout 
the  entire  experiment  made  it  desirable  to  see  whether  the 
blue  line  of  potassium  might  not  serve  sufficiently  well  in  the 
comparison.  It  is  hardly  necessary  to  reproduce  here  in  detail 
the  evidence  bearing  upon  this  point,  but  we  found  as  the 
result  that  the  potassium  may  be  aetermined  by  the  use  of  the 
blue  line  with  an  error  amounting  to  10  per  cent  or  20  per 
oent,  which,  though  far  greater  than  that  inherent  in  the  use 
of  the  red  line,  admits  of  the  attainment  of  determinations 
which  should  be  accurate  enough  for  the  present  purpose. 
We  proceeded,  therefore,  to  make  a  determination  of  rubidium 
in  presence  of  potassium  by  the  process  referred  to,  the  details 
of  which  are  given  in  Experiment  IV. 

EXPSBUIENT  IV. 

standard  solution  containing  ]  ^^l  "^-     PotilZ  \  ^  '^^ 

coil-fall. 
Test  solution  contained  8  mg.  rubidiam  and  no  potassium. 

Stepl.  Step  2.  Step  3.  Step  i.  Step  5. 

Preliminaiy 
Preliminary  test  matching  of   K  Rematching  of    Readjustment    Final  match- 
for  Rb.  line.  Rb  line.  of  K  line.      |ing  of  Rb  line. 

'Test~ar2b"cm»"    test  at  20~cm»  Test  at  35  cm^     Test  at  36  cm*  Test  atTscm* 

gaTe  Rb  line   gave  K  line  like  gave  Rb  lines   gave  K  line  like 'gave   Rb   line 

like  standard,    standard     when  like  standard,    standard  when  like  standard. 

1  mg.  of  K  had  2   m  g  .     were 

been  added.  present.         i 

Rubidium  found  35X50X0-0006  =  0-875  mg. 

"  taken =0-8       *' 

Error .=  O-OTS  '*  =9-4  per  cent. 

It  is  evident  that  the  percentage  error  is  considerable,  but 
inasmuch  as  the  application  of  the  process  would  naturally  be 
to  the  determination  of  small  absolute  amounts  of  rubidium 
we  thought  it  desirable  to  go  a  step  further  to  see  whether 
mean?  are  at  hand  for  separating  large  amounts  of  potassium 
from  small  amounts  of  rubidium  with  an  approach  sufficiently 
near  to  completeness  to  bring  the  potassium  present  within 
the  limits  allowed  bv  the  spectroscopic  method.  After  some 
experimentation  we  nxed  upon  the  simplest  possible  procedure, 
viz :  the  solntion  of  the  salts  in  the  least  possible  amount  of 
water,  precipitation  of  the  mass  of  potassium  chloride  bv  addi- 
tion of  alconol,  filtration,  and  the  evaporation  of  the  nitrate. 

Am.  Jour.  Scl— Thikd  Sbries,  Vol.  XLIV,  No.  263.— Novbmbbb,  1892. 
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In  Experiments  V,  VI.  VII,  this  mode  of  working  was  put  to 
the  nroof.  The  amounts  of  nibidinm  indicated  were  dissolved 
in  tno  form  of  the  chloride  in  water,  0"!  groi.  of  potaajtDm 
chloride  was  added,  and  the  solution  was  evaporated  and 
treated  as  descriUed. 

Rtibiiliurii  titkoti  PutHtaiiiiri  Uknii 

ia  tli«  tunn  of  in  Uie  tonu  ut  KubfdJtini  AbBoUi(«  Pcruenugc 

chbrtdo.  eliloridc,                (ound.             error.                 ctTor. 

V.  ling.  O'l  grm.  <i'8  mg,  0-2  mg.  20  per  cent 

VI.  2    '■  O-I     "  1'7   "  0-8    "  I5porc«nt 

VII.  1     "  0-t    "  O-O  "  0-1    "  lOpercenL 

The  error  of  the  process  is  manifestly  large,  and  ontj 
roiiglily  approximutti  results  can  be  hoped  for  when  Ur^' 
amontit«  of  rubidtam  are  dealt  with ;  but.,  if  the  qaeetiun  if 
the  estimation  of  only  a  few  milligramB  of  mbidium,  it  will 
appear,  we  think,  in  view  of  the  fact  that  the  only  alternative 
is  iin  indirect  process,  that  even  this  great  error  is  not  abso- 
Inteiy  prohibitive  of  wliat  may  be  called  fair  determinati<ma. 


XLIX. — JV^otea  on  the  fanrdngtonj  WashingUm  County,  Em- 
»aa.  Meteorite;  by  H.  L.  Pbbstoh. 

Pbofessoh  Henry  A.   Ward  has  juirt  cut  several  diwB 

from  his  136J-ponnd  Farrnington  meteorite,  which  have  nn- 
veiled  some  interesting  facts. 

In  appe»rance  the  slices  resemble  a  section  of  a  dark  gray 
conglomerate  (in  color  mnch  like  some  trap  rocks)  with  numer- 
ous small  patches  or  grains  of  iron  scattered  through  it,  llif 
largest  of  which  is  11x6""°  in  its  greatest  diameters. 

In  the  corner  of  three  of  these  slices  there  are  several  vein? 
or  fissures  extending  from  10  to  75°""  from  the  edge  of  the 
slice  toward  tlie  center ;  and  some  of  these  fissures  or  fracture* 
are  filled  with  iron  for  fi.")"""  in  length  from  the  edge  of  the 
slice  inward,  while  in  width  they  are  but  one  millimeter  or  less. 

On   tb<i  oppi).«ite  end  of  the  slice  there  is  a   very  narrow 

vein,   about   90 '   long,    wiiich   for  the   greater   part  of  the 

way  is  filled  with  iron.  Beyond  the  larger  grain  or  nodule 
spoken  of  and  these  veins,  the  balance  of  the  iron  is  scattered 
rather  uvenlv  throughout  the  mass  in  comparatively  small 
grains. 

For  the  origin  of  these  fissures  and  their  partial  filling  np 
with  iron,  as  seen  in  the  accompanying  cut,  I  would  suggest 
the  following  explanation  : 
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That,  as  the  meteor  strack  our  atmosphere,  the  concassion 
was  eo  great  that  the  mass  was  fractared  in  varione  places,  of 
courae  extending  from  the  surface  inward,  and  the  lareer  of 
these  fisBorea  or  fractures  were  then  filled  bv  the  raetalho  iron 
which  was  fased  on  the  exterior  surface  of  tlie  mass,  dne  to  its 
velocity  through  the  atmosphere,  and  was  thus  forced  in  a 
molten  state  into  its  present  position,  thus  forming  the  metallic 


I  have  attempted  to  obtain  the  Widuianstatten  figures  on 
the  laigest  nodule  of  iron  in  the  mass,  but  thus  far  have  been 
nnsacceesfni. 


Abt.  L. — A   Note  on  the  Cretaceovs  of  Northwestern  Mon- 
tana; by  Herbert  Wood. 

The  geographical  ptsition  of  the  Flathead  Coal  Basin  is 
indicated  by  the  accompanying  map,  it  being  a  continuation 
southward  of  the  Flatliead"^  Valley,  sotith  of  the  North  Koo- 
tanie  Pass,  the  Elk  River  and  Crows'  Nest  Basins*  in  Southern 
British  Columbia  or  more  particularly  Alberta  Province.  It 
is  the  inter-mountain  Cretaceous  which  forms  the  connecting 
link  between  the  Cretaceous  of  British  Columbia  and  Tobacco 
Plains  to  the  northwest  and  the  Sand  Coulee,  Bozeman  and 
Rocky  Fork  Cretaceousf  east  of  the  main  range  or  Kockies 
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jjroper  in  Montana,  Espoeoroe  of  this  inter- mountain  serieg 
are  found  tte  far  south  as  the  48tli  parallel  ilong  tiie  banlnof 
the  Bonth  fork  of  the  Flathead  River,  also  in  the  vicinity  of 
Marias  Pass  through  the  Rockies.  Still  farther  south,  a  hun- 
dred milee  or  more  from  the  49th  parallel,  a  younger  series  of 


the  Cretaceous  has  been  observed  in  the  vicinity  of  Missoula 
extending  18  miles  ea^^t  and  west  and  dipping  into  the  niouu- 
tains  at  '^0°  northwest.  It  consists  of  clays,  shales  ami 
sandstones,  witli  small  seams  of  impure  lignite,  and  capped 
with  a  heavy  conglomerate,  the  series  resting  unconformably 
on  the  greatly  denuded  upturned  beda  of  the  Cambrian  or 
Pre-Cainbrian  rocks  which  dip  south  25°.  The  valJev  is  a 
plateau  valley  from  fifteen  to  twenty-five  miles  in  width  anil 
thirty  to  forty  in  length,  with  lieavy  beds  of  bowlder  aiid 
gravel  detritus,  the  grooved  and  polished  rocks  (gray  quarlz- 
ites  of  tiie  Cambriau),  on  the  Hanks  of   the  soutbeni  range 
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showing  the  glacial  path  as  40°  north  of  west.  These  gravel 
deposits,  consistiDg  largely  of  greenish  and  greenish-black 
amygdaloidal  traps,  have  a  thickness  of  one  hundred  to  one  hun- 
dred and  fifty  feet  on  the  upturned  edges  of  the  Cretaceous 
rocks,  their  lower  portions  being  formed  into  beds  of  calca- 
reously  cemented  sandstones  and  conglomerates.  The  origin 
of  the  amygdaloidal  trap  bowlders  is  no  doubt  in  the  interca- 
lated eruptive  rocks  of  the  Cambrian  and  Cretaceous  at  the 
ttorth  and  south  Kootanie  passes.*  All  the  valleys  of  this 
portion  of  Montana  have  a  southerly  or  southeasterly  direction 
exhibiting  evidences  of  glaciation  as  bowlder  clays,  lakes 
behind  terminal  moraines,  and  rounded  hummocky  remnants 
of  ranges,  in  some  cases  extending  for  150  miles  from  the 
boundary  or  those  higher  altitudes  which  existed  during  or  at 
the  close  of  a  supposed  epirogenic  movement.f  The  range 
flanking  the  valley  on  the  south  has  a  course  a  little  northwest 
with  numerous  transverse  valleys,  and  corresponds  with  the 
lower  Cambrian  Quartzitic  series  or  Bow  River  series,  as  noted 
by  McConnell.:j:  It  dips  east-northeast  under  the  upturned 
coal-bearing  Cretaceous  rocks.  The  Cambrian  here  consists  of 
heavily  bedded  red  quartzites  changing  to  sandstones  alter- 
nating with  thinly  bedded  dark  red  argillaceous  shales,  and 
lower  in  the  series  with  greenish  quartzites  of  ribbanded  char- 
acter, the  upper  portion  of  the  series  immediately  underlying 
the  Cretaceous  consisting  of  greenish  gray  quartzose  slates. 
The  total  thickness  of  this  lower  Cambrian,  i.  e.,  all  that  below 
the  dolomitic  limestone  and  shales,  as  given  by  Dawson§  is 
11,000  feet;  by  McConnell]  and  AValcott*[  10^000  feet— the 
latter  of  whom  has  recorded  his  results  from  the  Gallatin  sec- 
tion, eastern  Montana.  A  rough  traverse  made  here  along 
Coal  Creek  gave  me  2^  miles  of  upturned  Cambrian  rocks. 
The  total  thickness  of  the  series  as  given  by  Dawson  is  29,000 
feet. 

A  search  was  made  for  fossils  but  none  were  obtained,  nor 
does  it  appear  that  any  were  found  in  this  series  in  southern 
British  Columbia.  The  dip  of  the  red  quartzites  is  25°  E.N.E., 
while  the  dip  of  the  gray  quartzose  slates  immediately  under 
the  Cretaceous  is  35°  to  40°  E.JN.E.,  with  a  strike  20°  north  (»f 
west.  Evidences  of  shore  lines  were  observed  in  the  shape  of 
ripple  marks,  but  no  conglomerates  or  intercalated  contempo- 
raneous trappean  rocks.     The  direction  of  this  range  is  nearly 

♦G.  M.  Dawson:  Report  1886,  pp.  46,  47,  57. 

f  CJpham  :  Class,  of  Mount.  Ranges. 

X  McConnell :  Rep.  1887,  C.  G.  S.,  p.  29. 

55  Dawson:   Kep.  1886,  C.  G.  S.,  p.  51. 

I  McConnell:   Rep.  1887,  C.  G.  S.,  p.  29. 

•[  Walcott:  Correlation  papers  Camb.  G.  Survey.  U.  S. 
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east  and  west  while  tbe  range  wost  of  tlio  Fiatliead  at  the 
boundary  has  a  northwesterly  trend,  the  rocks  u«  noted  bj 
DawBon,  ^'groeniBh  close-gi-ained  quartzites*  and  red  sand- 
stones "  being  altogether  likel;  the  same  geological  horizon  ae 
those  farther  south. f  Hp  notes,  however,  farther  west  '■» 
hard  greenisli  amygdaloidal  diorite."  II  sueli  intercaktiuiu 
areprefient  south  or  here  they  escaped  my  notice. 

The  Cretaceous  beds  rest  with  tlieir  nptumed  edges  against 
the  greeniiih  gray  quartzose  elates  of  the  Cambrian,  It  coBBti- 
tntee  a  scries  of  cluys,  clay  shales,  coarse  and  fine-grained 
sandstones  of  about  7,600  feet  in  thiokncasf  correspooding 
with  that  of  the  North  Kootanie  series.  At  the  base  of  the 
Catubrian  raugo  the  dip  of  the  Cretaeeone  is  50°  E  N.K  and 
1}  miles  north  across  the  strike  the  dip  is  H**  and  10° 
E.N.E.,   this    section   at   Goal    Greek    showing    the   greatlj 


denuded  eonthorn  margin  of  ii  synclinal  fold.  The  hasal  jxir- 
tion  of  1,000  feet  of  the  scries  is  con  1- productive,  exhibiting  15 
or  20  seams  of  lii^nite.  The  upper  portion  of  tiie  series  con- 
sists of  heavily  bedded  i^andstones  with  shaley  partings  with 
some  small  seams  of  impui-c  lignite.  A  phenomenal  local 
thiekeiiingii  of  the  coal  seams  was  observed  two  miles  soDtli- 

*  Pawson  ;  Bep.  IHSC,  |>,  S.V 

f  One  huiiditMl  miles  .lirci-tly  wiKh  of  tliis  in  tlip  ricinily  of  Mi^tu^iila.  a  Itw 
fOBHils  wfre  oblHiiH'd  in  rln-  silii-coiiK  limestone  (dol(in^ile)  idenliflt-ri  by  Mr.  '.'bat 
Sehuplierl  as  IJlxilclla.  line  or  uvo  i<«if\\f  were  found  in  tlio  red  scmi-areilli- 
Willis  f\a\v!>  u!so  but  :irp  in.l  vel  idem  ill  cd. 

t  Tlii*  is  the  result  of  :>  [ai*  )iiie  infasurciiient  and  fool  lraverE>e  made  at  TmI 
Crp.;k. 

gCOHl _ _.       C  inelies.    CohI...   _._ 22  inche'. 

Clay  ?linle If.      •'         Kree  Sniiilsloiie __     "> 

Con] _...      :t.'(       ■■  Coal...    .    ..       ,1      ■■ 

Clny  shalp fi       ■■  Clav  sliale _      ^S      ' 

Coal i:.       ■•  L'oiil    __ 40 


Three  additional  fteatnf  of  eoal  outside  tlie  tunnel  aggr^i^ab 
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east  of  Coal  Creek  canyon  at  the  Emerson  Tnnnel,  thirteen 
seams  being  exposed  in  150  feet.  One  seam  measured  13^ 
feet  and  the  combined  thickness  of  the  different  coal  seams 
equalled  42  feet. 

!No  fossils*  were  observed  in  the  series  nor  intercalated 
;rap6,  ash  beds  or  agglomerates,  as  noted  by  Dawson. f 

Ten  miles  northwest  of  Coal  Creek  and  four  miles  north  of 
;he  Cambrian  range,  a  heavy  conglomerate  of  red  and  green 

Iuartzite  pebbles  (presumably  of  Cambrian  origin)  was  found. 
*hese  heavy  conglomerates  are  described  by  Dawson  as  occur- 
"ing  at  Crow's  Nest,  Kootanie  Passes,  and  other  places — the 
rolcanic  horizon  occurring  apparently  above  this.  My  detour 
iid  not  extend  to  the  boundary,  but  eight  or  ten  miles  south  of  it. 
[t  is  not  improbable  that  the  upper  portions  of  the  series  might 
t)e  found  near  the  line.  My  observations  extended  over  four- 
teen miles  along  the  strike  of  the  rocks,  and  1  found  that  the 
margin  of  the  fold  swings  from  12°  S.  of  west  at  the  Emer- 
son Tunnel,  through  all  intermediate  variations  to  25°  north  of 
west,  this  latter  observation  being  taken  14  miles  northwest  of 
the  first  This  last  strike  was  taken  four  miles  north  of  the 
Cambrian,  and  suggested  the  assumption  of  some  intervening 
formations  between  this  and  the  Cambrian,  possibly  Devonian. J 
A  large  number  of  dips  taken  throughout  the  series,  gave  a 
gradual  variation  from  51°  E.N.E.  to  8°  E.N.E.  Across  the 
strike  of  two  rniles  or  a  little  less,  a  rapid  change  in  dip  was 
aoted  at  the  Emerson  Tunnel,  two  miles  southeast  of  Coal 
Creek.  The  tunnel  is  102  feet  in  length  and  gave  a  variation 
from  back  to  front  of  ten  degrees — 51°  to  41°  northeast.  The 
presence  of  the  conglomerate,  the  absence  of  any  evidences  of 
volcanic  action,  as  well  as  fossils,  the  relative  position  in  the 
series  of  the  clays,  shales,  and  sandstones,  witn  a  basal  coal 
productive  series,  as  well  as  the  thickness  of  the  whole,  seems 
to  correlate  these  beds  with  Dawson's  series  observed  at  North 
Kootanie^  making  this  region  identical  with  the  Crow's  Nest 
valley.  The  latter  beds,  however,  seem  to  display  a  greater 
variety  of  fossil  if  erous  forms. 

It  mav  be  said  here  that  the  Bozemau,  Cinnabar  and  Rocky 
Fork  Fieldsl  are  of  Laramie  age,  while  the  Sand  Coulee  is 
lower  in  the  geological  horizon. 

The  coal  is  a  lignite,  exhibiting  no  changed  condition  result- 
ing from  crushing  or  violent  metamorphic  action  as  shown  by 

*  One  fossil  plant  form  was  found  in  a  heavily  bedded  series  of  sandy  clays  30 
feet  in  thickness,  10  miles  west  of  Coal  Creek. 

t  Dawson:  Report  1886,  pp.  57,  59. 

j  The  Report  of  '86,  Can.  Geol.  Surrey,  shows  the  Devonian  as  crossing  the 
boundary  on  the  west  side  of  the  Flathead  River. 

f  Dawson:  Report  1886,  pp.  64,  69. 
Weed:  Engineering  and  Mining  Journal. 
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the  Elk  River,*  Crows'  Nest,t  Cascade  coal,  these  beinp  semi- 
bihiminoue  and  anthracitic  in  character.  In  these  latter  in- 
etancue  the  Hexure  ie  more  ciomplex  and  showa  evideaeesof 
great  crushing  and  inetamorphic  action.  The  coal  of  Sand 
Conlee  and  Bozeman  and  lioclcy  Fork,^  '\»  ai»o  bitunuDone  in 
character — tlie  latter  region  having  been  sabiected  to  volcanic 
action,  intercalated  beos  and  dikea  of  eruptive  rocks  beine  a 
feature,  which  indeed  charucterizee  many  sections  of  theCre- 
taceons  in  the  west.  The  Crotaoeoue  here  has  not  been  thns 
disturbed,  the  coal  being  purely  lignitie  throughout,  contain- 
ing nodnles  or  InmoB  of  mineral  resin,  presumably  Buocinite 
or  an  allied  mineral.  The  aeries  has  been  subject  to  latenl 
aqiit-eaing.  folding  and  upheaval  which  turned  the  beds  np 
against  tlie  Cambriiin  on  the  south,  and  against  the  Rockiea. 
the  Cambrian,  Devonian  and  Snb-Carboni^pous  on  the  north, 
No  examination  was  made  along  the  north  side  of  the  vnlley 
for  CrwtaeoouK,  but  the  evidence  all  attirnjH  the  flupposition  of 
a  simple  synclinal  fold,^  much  the  same  as  exhibited  at  the 
North  Kootanie  Pass — the  upheaval  following  at  the  clow  of 
the  Cretaceoua  period.  The  Cambrian  has  been  sabjected  al 
leaet  to  two  periods  of  npheaval,  if  not  more,  the  first  being 
Patteozoic  and  the  last  as  above  mentioned.  This  is  shown  in 
the  position  of  the  Cretaceous,  one  hundred  miles  sonth  of 
this  reeting  nnconformabiy  on  the  greatly  eroded,  nptonied  { 
edges  of  the  Cambrian,|  where,  however,  the  Cretaceous  bu 
not  been  subjected  to  any  flexure  or  folding,  but  to  a  flloif 
nphcaviil  ur 'in.ivciiii.-nt  I'lf  the  cniPt  which  must  have  been 
pretty  general  in  its  character. 


Art.  JJ.^The   Dwp  Artenian  Boring  at  Galveston,  Terar, 
by  Robert  T.  Hill. 

An  experimontid  well  haa  recently  been  drilled  for  the  citr 
of  Galveston,  Texas,  to  the  depth  of  nearly  three  thousand 
feut,  the  reauUti  of  which  are  of  great  value  to  geoiogiptt 
interested  in  the  sedimentation  of  the  Gulf  of  Mexico. 

Galveston  is  situated  on  one  of  the  island  sand  bars  thai 
mark  the  western  border  of  the  Gulf  and  nearly  the  entire 
depth  of  the  drill  hole  is  below  sea  level.     Hence  the  aecoiu- 

*  ll!i«-soti :   Rop.  1886.  p.  Gfi. 

+  ll.id.:   MEneral  Wealth.  Br,  ColiimbiH, 

X_  W.  H.  Weed ;   KiiR.  nnii  Min,  .Toiir.,  Mnv  nuii  June. 

S  Soriie  eviileiic.'eii  liiivo  lipcii  obtniiied  from  ili(!  des.^ripCive  top<^rraph,v  of  sur- 
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kDving  record  is  entirely  of  sediments  constituting  the  present 
a  bottom. 

In  the  Engineering  News  of  August  11,  1892,  Mr.  Byrnes, 
e  contractor,  publisned  a  valuable  article  on  the  engineering 
"oblems  involved,  together  with  the  following  section  illus- 
eiting  the  character  and  thickness  of  the  sediments  passed 
Toogh  up  to  that  date.  Work  has  since  been  continued  on 
le  well  and  it  is  no  doubt  at  present  down  to  three  thousand 
et : 

Gray  sand Oft. 

Red  clay,  with  shells 46 

Red  and  blue  clay  with  shells    63 

Same  with  fragments  of  wood 84  to  1 00 

Gray  and  reddish  sand,  with  occasional  logs,  84  to  100 

Red  clay  and  shell  of  337 338 

Sand  with  wood  and  shell 400 

Sand  and  sandy  clay  to 

Top  of  water  sand 827 

Water  sand,  827  to 882 

Sand  (principally)  and  clay  with  wood  and  shell . . 

882  to  1089 

Very  hard  rock,  probably  conglomerate 1089  to  1090 

Sandy  clay  and  sand  to 1 260 

Water  sand  1260  to. 1228 

Sandy  clay,  varying  hardness 
Sandstone 

Water  sand  1493  to 1510 

Clay  with  shell,  pebble  and  lime 1620 

Sand  with  same  clay  strata  to 

Calcareous  sandstone  probably 1 754  to  1 758 

Sand  to 1862 

Clay  (principally)  and  sand  to 2153 

Clay  with  shell  and  wood  fragments 2153  to  2196 

Same.     Also  sand  and  joint  clay  to 

Concretionary  limestone,  probably 2288  to  2291.5 

Sand  and  joint  clay  with  shell  and  wood 2349 

Water  and  sand  to 2349 

Clay  and  fine  sand 2397 

Red  and  blue  clay 2425 

Water  sand 2425  to  2443 

Red  and  blue  clay  and  lignite 2443 

Red  and  blue  clay  with  alternating  sand  strata...  2504 

Water  sand  and  blue  clay 2504  to  2567 

Indurated  gray  sand  to 2598 

Blue  and  red  clay,  some  gravel  to 

Very  fine  gray  sand  at 2631  to  2637 

Red  and  blue  clay 2653 

Pale  yellow  clay 2698 
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lie  and  yellow  clay,  and  eray  sand 977! 

Very  uoft  blue  clay  and  reddish  elay 2738  lo  iSJl 

Coarse  sand _.    2871  U)  2883 

The  drill  was  in  soft  clay  and  tine  sand  ai _.   2863 


^^^P  Ko  paleontolosic  data  liaving  been  given  I  can  only  inter- 
^^^pret  these  tlirougli  my  knowledge  of  the  ontcrop  of  the  etrsti 
on  the  adjacent  coastal  plain  bordering  tliv  Criilf  east  of  Austin 
and  yan  Antonio.  It  is  said  that  Mr.  Singley,  a  local  observer, 
has  carefntly  euik-ctud  the  paleontologic  data,  which  it  is  hoped, 
he  will  piiblielL 

In  studying  the  Hefltion  one  is  impre»)ied  by  the  litlnnl 
character  of  its  material  and  the  absence  of  indurated  or  cou- 
Bolidated  rock,  and  the  oiialky  marls  and  limestones  charac- 
teristic of  the  Upper  Cretaceous  formution,  leaving  the 
inipreeeion  that  the  2863  feet  of  sediments  are  almost  if  coi 
entirely  coniposecl  of  poet  C'retaceons  bede. 

Every  foot  of  the  deposits  passed  tliroagh  in  the  well  aa 
be  nven  in  the  adjacent  ouferops  of  Texas  lo-day.  These 
belong  to  three  formations.  The  provisional  interpretations  I 
would  place  upon  the  well  are  as  follows: 

No.   Strata  in  w^ll.  FonsAtion.  Ag«. 

1  0-B27  Coasl  Prairie  Beds.         PieisUtcene. 

2  8S7-1764  Fayette  Sands  of         Pliooen*  Mioci-iip, 

Penrose. 

3  I754-2U53  Lignilic  Eocene.  Eocene. 

5     'Jtlo^i-aSO-^         Probably  Eocene  bnl  may  be  Uppiir  Creta.:e(m-., 

These  formations  have  been  described  hy  Penrose,  lleGe* 
sind  the  writer.  No.  1,  the  Coast  Prairie  beds  are  supposed 
by  Mi'<Tce  to  represent  the  sontheru  stage  of  the  former 
Columbian  formation,  and  were  laid  down  at  marine  base-level 
eontiniiing  around  the  coast  into  Louisiana,  No  8,  is  the  well 
known  Kii-Lii;iiilii.'  formation  of  the  southern  United  States. 
He  iitiscribed  niiMinuliv  by  Hiigard  as  the  Great  Northern  Lig- 
iiitL'.*  l'i.'iir'i'ii'+  Ii;l^  sliiiwn  the  general  character  of  the 
fonniitiiiii  ill  Ti\:is  :ind  tlic  writerij;  in  Arkansas.  It  is  un- 
dniibU''il\  ilif  ilireut  geographic  continuation  in  part  of  the 
l,;ir;iiiiir  h'-<\>  .-I'  the  liocky  Monntain  region,  as  shown  by  Df- 
C,  A.  W'liircS  iimi  the  writer. |  No.  2— the  Fayette  Sands- 
is  ;i  more  jirolderuatical  formation.     Its  general  occurreueeiiis 

-  \l-m-ii)Hirt-  und  Gcnlogy  or  MisaiHsippi,  Jni'kaon.  ISfiO. 

i  I'n.'liiiimurv  Report  □□  the  Geology  of  the  Gulf  Tertiarv  of  Texas,  tnaa  Eoi 
RUcr  lo  llie  Kio  liriiiide.  Ai.sliu. 
ITbeXpozuif  Qeulogj  of  .SouUiweWcrn  Arliiiii^H.  [.iltle  Rock,  18S3. 
S  Tliis  .loiirual 
i  Sotes  tiu  the  TeiBB  Sew  Meiicnn  ReRion,  Bull.  Geol.  Soo..  vol  iii,  1891 
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been  pointed  out  by  Penroee,  but  no  satisfactory  interpreta- 
tion has  been  made  of  its  limitations  and  history.  As  snown 
!iy  Shumard*  and  Copef  it  contains  the  wonderful  inaro 
nalian  vertebrate  fauna  of  the  Loup  Fork  and  Equus  beds 
¥hich  are  supposed  to  be  of  Miocene  and  Pliocene  age.  Its 
lediments  are  identical  in  many  unique  characters  with  those 
>f  the  formations  I  have  seen  in  Nebraska  and  on  the  Staked 
PlaiDfi  containing  besides  the  same  vertebrate  remains  the 
lecoliar  opalized  wood  and  quartz  grains  imbedded  in  a  lime 
matrix  identical  with  the  mortar  beds  of  Kansas  described  by 
Hay.  It  is  evidently  the  coastward  extension  of  the  Great 
Plains  formation  which,  as  I  have  shown,  extends  over  the 
whole  Llano  Estacado  to  the  Bio  Grande:]:  as  far  as  SpoSord 
Junction.  Whether  this  formation  was  deposited  at  marine 
base-level  or  was  laid  down  upon  the  land  after  the  manner  of 
deposition  now  going  on  so  extensively  over  the  arid  region  of 
Hexico  is  an  interesting  problem.  One  fact  is  positive,  how- 
e?er,  and  that  is  that  it  represents  a  period  of  great  aridity 
irhich  prevailed  in  Miocene  and  Pliocene  time  throughout  the 
region  of  its  occurrence. 

These  three  sheets  of  sedimentation,  representing  827  feet 
>f  Pleistocene  beds,  927  feet  of  later  Tertiary — Miocene  and 
r^liocene — and  2000  feet  of  Eocene  deposits  reveal  a  great 
oad  upon  the  coastal  plain,  and  each,  according  to  the  doc- 
rine  of  isostasy,  would  afford  a  sufficient  factor  to  account  for 
he  important  movements  of  their  respective  epochs. 

Could  the  well  go  deeper  into  the  2500  feet  of  Upper  Cre- 
aceous  chalks  and  clays  and  the  2500  feet  of  Comanche 
leposits  the  total  load  upon  the  Gulf's  margin  since  the  sea 
iret  began  its  oscillations  over  the  Texas  region  in  Wealden 
ime  would  amount  to  8000  feet. 

The'  oldest  and  latest  of  the  three  divisions  into  which  I 
lave  divided  the  section,  the  Eocene  and  Columbian  respec- 
ively,  were  deposited  in  very  shallow  water  under  conditions 
dentical  with  the  sedimentation  of  to-day,  while  the  middle 
livision  no  doubt  represents  even  as  shalfow  if  not  shallower 
leposits  but  under  entirely  different  climatic  conditions.  All 
QUBt  represent  subsidence,  although  there  were  no  doubt 
Dtervening  periods  of  elevation  which  can  only  be  interpreted 
ipon  the  land,  according  to  ^le  methods  of  the  modern  school 
»i  physical  geologists.  The  total  subsidence  of  the  old  Eocene 
bore  line,  according  to  this  boring  has  amounted  to  nearly 
hree  thousand  feet. 

•Trans.  St.  Louis  Academj  of  Science,  vol.  ii,  1868,  pp.  140-141. 
f  Varioas  papers  of  Professor  E.  D.  Cope. 

{Occurrence  of  Underground  Water  in  the  Texas  New  Mexican  Region. 
^asbiogtOQ,  D.  C,  1892. 
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Abt.  LII, — Xotit-e  of  a  new  Ijtwer  Oi'iakany  Fauna  tn 
Columbia  County,  J^eio  York ;  by  C.  E.  BEECHEa  WiA 
an  (mHOUite<l  lint  (f  fo»«iU ;  by  J.  M.  Clarke. 

i. 

In  1890,  while  makine;  colleetions  and  geological  6ection« 
iu  tUe  Becnift's  Muiiutxin  rvgion  of  Coluinbiu  County.  X«w 
York,  a  fauna  was  discovered  by  the  writer,  wliieh  in  many 
respects  is  new  to  the  State.  Its  affinities  are  with  the  Oris- 
kany,  bat  its  geological  position  is  below  the  true  Oriekany 
sandstone.  It  appears  to  include  a  part,  at  least,  of  what  liu 
been  considered  as  the  Upper  Pent^merus  limestone,  and  his 
been  referred  to  the  Lower  Helderherg  p;roap  on  acconnt  of 
itfl  lithological  characters  and  upon  insuflicient  paleontologictl 

f grounds.  The  fauna  of  the  Upper  Pentamerus  in  its  origirtki 
oeality  (Schoharie,  N.  T,)  has  previously  been  recoOTiwd  to 
contain  several  sgwcies  ouite  distinet  from  the  ScutelTa,  Slialv. 
and  Lower  Pentamenis  limestones,  which  represent  the  typical 
Lower  Ilelderberg  group.  Moreover,  as  tiie  complete  fauna 
htis  remained  unknown  and  the  :^erics  has  been  confnsed  with 
the  nnderlying  Bcutella  limestone,  no  exact  correlationB  havB 
been  made. 

From  the  fosBtIs  now  known  from  Becraft'a  Mountain  «A 
several  other  localities,  it  is  evident  that  the  relations  of  the 
fiiitiKi  contained  in  the  upper  beds  of  the  series  above  the 
Se  11  tella  limestone  and  just  below  the  Oriskany  sandstone  are 
with  the  latter,  and  not  with  the  Lower  Helderberg  gronp. 
This  is  ,^hown  by  the  presence  in  these  beds  of  such  typical 

I"'!!-;,.!!!-'    -I '■'■-   -.{<    E'i riiicriniis  aacGidus,    Phtilidopn  t-'rmi- 

/'■'■  '■         y/i/.f     in'ignijica,     JUpparionyx    pro^iimm, 

I.  ;  '        ''/.A-,    Spii-ifei'  arrectv^,   Spirifer   aretww. 

I  ''irii.i,:  i\:..t,.Li.i,  Jill ijiii.'honmaoblata,».nA Rensaelipriaoeoiih'- 
This  list  iiiw  been  revised  by  Mr.  C.  Schuchert,  who  has  made 
a  earefnl  study  of  the  Oriskany  brachiopods. 

At  Hecraft'a  Mountain  the  rock  is  a  hard,  eherty,  arenaceous 
limestone,  weathering  into  a  rotten  fine-grained  sandstone, 
preserving  the  inonlds  of  the  fossils  or  their  silicified  replace- 
ments. On  Calskill  Creek,  near  Leeds,  as  shown  by  spea- 
mens  received  from  Mr,  W.  W,  Dodge,  tlie  rock  contains  le* 
sand,  and  does  not  weather  into  a  softer  condition.  At  Port 
Jervis,  N.  Y.,  it  is  in  general  still  more  calcareona,  although  there 
are  wnme  eherty  layers,  and  many  of  the  fossils  are  silieitieJ- 
Here,  too,  the  series  is  eontinuons  frocn  the  Oriskauy  sand- 
stone down  through  the  trilobitc  beds  of  Mather,  Hortoc  and 
Barrett.      The  arenaceons  character   of    the    bods   gradnallj 
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ises  downwards,  carrying  the  typical  Oriskany  species 
;he  Dalmanitea  dsntatua  layers  and  below,  and  making 
rhole  series  of  this  group  at  Port  Jervis  probably  over 
nndred  feet  in  thickness,  of  which  one  hundred  or  more 
g  to  the  Lower  Oriskany.  The  relations  of  these  beds  to 
riskany  was  appreciated  by  Barrett,*  who  was  led,  how- 
to  refer  them  to  the  Lower  Helderberg  on  account  of  the 
rence  of  some  doubtful  Lower  Helderberg  species  and 
Btratigraphical  position. 

the  paper  on  Becraft's  Mountain  by  W.  M.  Davis,t  the 
r  Pentamcrus,  including  the  Scutella  limestone,  is  stated 
ire  a  thickness  of  from  forty  to  fifty  feet,  followed  directly 
B  Cauda-galli  shales.  At  Kondout,  he  recognized  a  re- 
ice  of  the  Shaly  limestone  above  the  Scutella  beds.  The 
conditions  obtain  at  Becraft's  Mountain,  and  at  the  top 

the  few  feet  of  cherty  and  arenaceous  beds  containing 
ower  Oriskany  fossils. 

t  paleontological  aspect  of  this  fauna  is  of  much  interest, 
:ally  on  account  of  the  large  number  of  genera  and  spe- 
lew  to  the  Oriskany  group  and  species  new  to  science. 

the  forms  which  are  characteristic  of  the  Oriskany 
tone  above  offer  slight  variations  in  size  and  features 
I  enable  them  to  be  recognized  as  from  a  somewhat  older 
m.  As  a  whole,  the  fauna  is  transitional.  A  few  of  the 
p  Helderberg  types  lingered;  others  were  changed  into 
8  intermediate  between  Lower  Helderberg  and  true 
any  and  Cornif erous  forms ;  and  new  types  also  appeared, 
.  in  the  higher  rocks  reached  a  greater  development, 
ig  some  of  the  new  types  of  structure  may  be  mentioned 
tarsely  plicate  Leptocoelia,  the  Spirifers  with  plications  in 
^nus  and  the  Corycephalus  group  of  Dalmanites,  having 
iter  margin  of  the  cephalon  denticulate.  c.  £.  B. 


II. 

iiminary  List  of  the  Species  constituting  the    Oriskany 
fauna  of  BecrafVs  Mt,,  N.  Y, 

168  in  roman  are  of  species  present  in  the  normal  Onskaoy  or  Hipparionyir 
\  Central  New  York  and  the  Schoharie  Section ;  for  convenience  of  reference 
BTS  H  and  D  are  placed  before  names  of  species  belonging  respectively  to 
Belderberg  and  npper- Lower,  or  Middle  Devonian  types.) 
HL     1.  Spine  of  undetermined  species. 
niJDS.     2.  Spirorhis  sp. 

.  Auiodeius  sp.  n.    This  genus  is  also  represented  in  the  Hamilton  shales, 
ft  much  larger  species. 

L  Lyoeam  Nat.  Hist.  N.  Y.,  vol.  xi,  p.  297,  1876. 
I  Joamal,  III,  vol.  xxvi,  pp.  381-389,  Nov.,  1883. 
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TKUOurTU.  (Hi  4.  Oaimaniirt  up.  a.  A.  A.  Unr-  (kionlocliilr  with  ■  wrilM 
Di&rglnal  crpaulaticiiii  aboal  tba  vcptiulan.  oF  tho  obnrBcter  of  tboao  !n  D.  ftm^ 
.  Igl  at  the  Shalf  llmcxtODe  and  £.  anchiopi,  of  the  Schoharie  (trit.  but  M 
sztenaWe  Itiftu  eiltier.  The  literal  gtabellHr  lobes  are  more  conlliieDt  Ihan  1 
tli«  earlivr  (yianara  &n<l  Lower  KelderberftJ  species.  The  genal  u^m  eo 
obtusBly  or  in  amiill  epiuea.  The  pygidiiim  i5  broad  and  uaii9uiill]f  abort,  eodhi 
<n  a  sharp,  nugular  termimition,  but  not  In  a  epiiie.  ADniilnlioDB  simple  and  tv 
dlaliBct ;  nboul  10  oil  Che  axa  aud  9  on  the  iileurHi.  Thia  is  the  lareen  and  iiMi 
ttbiindnut  of  the  fl|iecie«.     Some  of  llie  eephala  measure  3}  inchea  ia  dumelu. 

(H)  0.  Dabnaaitca  up.  n.  A.  var.  This  i»  represented  bj  a  series  of  t^^ 
ximilar  in  anuiilstion  to  the  rcregoing  but  perai?teotlj  diSereat  ia  mncb  BrnaQi 
«ize,  more  alendor  form  and  laperiott  Dutliae.  It  is  eloaelf  eimilar  to  D.  tnicnrt 
ot  the  Lower  Belderberg,  but  leaa  abiiadnutlj  anoulaled. 

6.  Dalmanila  pp,  n.  B.  Long,  aleiider  pTgulia  with  acule  but  Dot  ciundi 
terminal  aplne.  Annnlatiooi  of  nxia  about  IG  ;  o(  pleune.  12.  On  the  aziii  h 
double  ineilfan  row  of  conspicuou^i  tuliercles  and  there  arc  irregalarlf  scaBan 
tubercles  on  the  pleural  riljs.  Tliis  maj  be  oompated  in  lorDi  iwid  omateMt  wit 
D.  dxatadu.  at  the  Cort  Jervis  series,  but  it  is  more  abuudantly  anaulatcd  ai 
without  the  atronn:  oaudal  spine  ot  that  speeioa. 

1.  Dalmanittt  sp.  n.  C.  A  single  prgidtuin,  qiiita  dUtinct  from  the  rest,  ha> 
tapering  aniline,  high  eouvexily,  broad,  nenle  oaudal  eilremity  and  strong  sinpl 
nnnubitiona.  There  are  7-H  annulationa  on  the  eila.  R-H  on  the  pleura,  all  term 
iiatiiig  Ht  a  Gotisiderable  diEtunoe  from  llie  eitremitjr  of  Uih  aliield.  Tht^  eipm 
Hiau  ot  thill  p^idium  is  well  deQned  and  suggests  In  wune  re»pecle,  that  a( 
iiTiiall,  abar]t)y  nuoiilnted  HamaSotiolM. 

(H)  8.  iiaJtniinfbu  sp.?  D.  There  la  evideeee  o(  »ooUier  species  ot  thia  genu 
with  a  pjgidiutu  suniewliat  similar  to  tliat  ot  D.  pkaroplj/r.. 

(D)  9.  Dalmanitei  phacoplyi.  Hall.  Thia  apecies  hna  heretofore  been  know 
only  in  the  Upper  Helderbei^  limealone  ot  the  Prorinpe  of  Ontario. 

(K,  D)  ID.  Phaatpa  ap.  n.  Heads  and  p,cg!dia  are  not  uocommoo.  lb 
form  ot  the  ^abella  is  somewhst  appresaed  laterally  end  ia  suggestive  ot  P.  nfkf 
tola  Barr.  The  genalertremitiee  beara  aingleapinuleor  tubwcle  ■»  in  i*.  £<«■>■ 
of  the  SbA\j  ttmaVone,  end  P.  pipa.  at  the  Upper  Helderberg,  hat  the  gUMb 
does  not  show  tho  lateral  furrows  distinctive  ot  the  earlier  speciee  of  this  ganu 
The  segmentB  of  tlje  thorai  beer  nodes  at  the  aiial  furrows,  such  as  eharaderiit 
P.  Iioyint,  ttiOi]|;h  the  iiiiuiilnliou><  of  Iho  pyHidiiim  do  mil  nppcsr  ki  be  ifaplifl^ 
118  id  thp  Ijiwer  and  Upper  Helderlierg  apwicbi.  Some  small  piirnipli'-  (lo  ott 
have  the  thoracic  nodes  and  (hese  may  represent  a  distinct  specifle  torm. 

(D)  11.  Fliacopt  lAcnate)  cf.  annpa,  Clarke.  Tljis  species  has  hereColore  ten 
found  only  in  the  Upper  Helderberg  of  the  Proviuco  of  Ontario, 

(D|  li,  lIonialnRoins  sp.  Occasional  tragmeiits  indicate  a  species  of  I'm)" 
size,  differing  from  the  gigantic  II.  ynajor,  occurring  in  the  OriaicHnv  saad^iloii^o! 
Ulster  (,'o. 

(H)  la.  Cordania*  »f.  a.  Allied  to  C.  cydaraa.  Hall,  of  the  Shaly  linieatoM 
but  differing  in  detuilR  of  oniameiitalion, 

(II,  D)  U.  '.'up/.a.^us  Kp.  n.  Of  the  tyi>e  ot  C.  falfbf  (Lower  HelderbeT?) so^ 
C  minum-iilii  (Upper  Helderberg)  but  with  proportionately  much  lai^ier  cephalw 

(D)  I  j.  Prii'tus  sp.  II.?  A.  A  small  form  of  the  P.  awjastifTons-riana-Bs^ 
type. 

(Di  Iti.  I'l-wliii  sp,  11.  B.  .\  iniicli  l;irtMr  form  with  highly  convei  ffhibeilii  >0' 
multiannulalc  pypdiinn  :  ot  the  type  of  P.  rrnsiimarfiiiuiliut  of  the  Upper  Held*'- 

(II)  n.  Ati'lanpls  lulierrulaliu,  Conrail.     A  eliaraclerislic  species  of  the  Stil; 

OsTBAfOliKS.      IS,  Iirperililia  fp.     I».  Prhnitia  3p. 
C[rtRiPei>KS.     21).   l\irrilppiis  sp. 

(i'Ki'ii.iLdPODH.     No  roprcsentaliye  of  these  foaails  has  been  observed, i 
GASTErripODN.      21.    PlatvccraH   tortuosuiii.    Hall.      22.    P.   nodosum.  Oenni 
2a,  Strophostyliis  eipansus.  Conrad.     2-).  Diaphorostonia  ventricosum,  Cnnrai 
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.  Diaphoro^oma  sp.  n.  In  external  oroament  similar  to  D.  lineatam  of 
ilton  shales. 

Ttolites  expansus?  (D)  27.  Plturoiomaria  sp.  n.  28.  Bdleropkon  sp.  n.? 
PODS.     29.   ChmUaria  sp.  ?     30.   Coleolus  sp.  ? 

I.  Teniaculites  cf.  elongatm^  Hall.    A  very  large  species  di£Eeriog,  if  at  all, 
Lower  Helderberg  form,  in  its  coarser  aoQiilations. 

ntaculites  sp.  n.     A  very  slender  form,  covered  with  minute,  equal  and 

rowded  annulations. 

TPODfl.     (H)  33.  Actinapteria  cf.  texHlis,  Hall.    This  shell  is  nearer  to  the 

ower  Helderberg  species  than  to  the  var.  arenaria  occurring  in  the  Hip- 

vfanna. 

L  Avicuioperten  of  the  type  A.  Schoharie^  Hall,  of  the  Shaly  limestone, 

red  with  radial  ribs  in  addition  to  the  very  fine  concentric  lines. 

egEmbonia  bellistriata.  Hall     36.  M.  lamellosa.  Hall  (?)    37.  Goniophora 

H)  38.   Cypricardinia  cf.  lamellosa,  Hall,  of  the  Shaly  limestone.      39. 

Hum  sp. 

IIOPOI>S.     40.  LingtUasp.     41.   Orbtculoidea  ap. 

rania  sp.  n.     A  large  shell  with  tine,  rapidly  bifurcating  surface  striae. 

i  the  tjTpe  of   (7.  agaricina  of  the  Shaly  limestone,  but  larger  and  more 

iate.     Not  uncommon.    43.   Crania  sp.  n.     A  smooth  species. 

lolidops  terminalis.  Hall.    This,  and  P.  arenaria  both  of  the  Oriskany,  are 

'  but  tiie  exterior  and  the  internal  cast  of  the  same  species. 

hclidops  sp.  n.     A  small  species  of  the  type  of  P.  aquamiformia. 

^.  Orthis  perekgaru,  Hall,  of  the  Shaly  limestone. 

r.  0.  cf.  obfata.  Hall  of  the  Shaly  limestone.     A  small  form  of  this  type. 

[>?    A  small,  subcircular  species. 

).  OrOiotheies  cf.  Woolworthana,  Hall,  of  the  Shaly  limestone. 

.  sp.  n.    A  small,  very  abundant  shell,  in  size  and  expression  suggestive  of 

>f  the  Choteau  limestone,  but  more  variable  in  form  and  contour. 

ipparionyx  proximus,  Vanuxem.     A  single  specimen  of  a  very  largo  and 

brachial  valve. 

tpkena  rhomboidalia,  Wilckens.     The  Lower  and  Upper  Helderberg  form, 

lan  the  Oriskany  var.  ventricosa. 

ropheodonta  Lincklteni,   Hall.      (H)  54.    5.   cf.  radiata,  Vanuxem.     In 

these  shells  the  radial  stria)  are  sharp  and  strongly  fasciculate,  producing 

Bsion  similar  to  that  of  S.  demissa  of  the  Middle  Devonian. 

sp.  n.  A.    A  large,  strongly  arcuate  form  with  fine  fasciculate  strise,  as  in 
%ina  aitemata. 

».  &  sp.  n.  B.  A  small  convex  form  of  the  type  of  S,  alveata  of  the 
ie  grit 

iptostrophia  niagnifica,  Hall.     A  small  variety. 

J  L.  cf.  Becki.  Hall.  A  perplane  species  with  low,  irregular,  concentric 
lending  to  the  anterior  margin.  The  prevailing  size  of  the  shell  is  much 
;han  in  the  Lower  Helderberg  form.  Very  abundant. 
9.  L.  perplana,  Oonrad.  Persistently  more  convex  than  the  middle 
n  form ;  the  difference  however  is  no  more  than  varietal.  Everywhere 
t 

60.  Sirophonella  cf.  Ueadleyana,  Hall,  of  the  Shaly  limestone. 
itulina  f    It  this  identification,  founded  on  a  single  internal  cast,  be  correct, 
lus  appears  for  the  first  time  on  this  continent  in  its  normal  association 
>wer  Devonian  fauna,  as  in  South  America  and  Africa. 
.   Chonetes  sp.  n.     A  eraall  shell  of  the  type  of  C.  corojiata,  (Conrad. 
honostrophia  sp.  n.     Differs  from  0.  complanta  of  the  Oriskany  in  smaller 
ater  reversed  convexity  and  distinct  fasciculation  of  striae.     64.  Anoplia 
.  Hall. 

)irifer  arrectus.  Hall.  This  abundant  species  varies  considerably  in  size 
ition  and  frequently  suggests  the  Lower  Helderberg  S.  cydopterus.  66. 
mis,  Conrad.  67.  S.  pyxidatus,  Hall.  (H)  68.  S,  mod^stus,  Hall,  of  th« 
nestone.    69.  S.  cf.  fimhriatus,  Conrad.   A  sparsely  ribbed,  coarsely  fimbria- 

II.  Specific  relations  can  not  be  more  closely  determined  with  the 
at  hand. 


414      Beecker  mid  Clarke— Loicer  Oriitkany  Joanna,  eU. 


TO.  I>ni[m  KNttrsM.  Hall.    TI.   C.id.  Datmani,  HaXi.  ot  the  Shaly  limM  Kint. 

T2.  MeraUrUa  sp.  a  This  shell  hM  maaf  poinM  0/  similHrity  with  .tf.  vllola 
of  the  OriskaQf,  It  \t,  however,  t,  smsller,  much  inorp  sUixafXj  lrihe<lr>]  Bfaell. 
with  the  aspect  of  n  (tigDDtic  Jf  fento.  T3.  Mtriattlta  cf.  Inivu  o!  tbo  Lovn 
Hflderlwrg.     7*.  Meritklla  ap.  n  ?     A  lar^te  uon-aiDuaio  species. 

iK)  75,   Tranatospira  muUitMiita,  H&ll.  of  the  Shalj  limestone. 

{D)  TU.  Oxlotpira  sp.  n.  In  sin)  thu  shell  resambles  C.  CamiUa,  of  ttir  Cormt- 
erous  limestone,  while  it  hews  the  eilerDol  orD&meat  oF  17,  anaipti  of  tlic  Sbd; 
llmastaDe,  though  the  plioationa  are  rather  more  numeroiii. 

(H)  71.   OaiatpiJa  up.  ot  the  smnll  sl*c  of  C.  cancava  hut  more  reRulHrlr  plinw 

78.  Leptocoeliu  llabntlilei,  HaII.  (U)  Tf).  L.  amllpliailti,  Hall,  of  IbaConifv- 
00a  Umestntie. 

(H)  in,  A'ut^raphiii  up.  It,     A  tery  finely  pUmte  apecies, 

81.  ReQMelnria  ovoiil«B,  E«ton,   Si.  R.  SuesslnQo.  Hnil  1   S.I.  R.  ovalin,  fi>Iir 

84.  RhftioboDoUft  oblBta,  II>1).  sa.  R,  BurrnndU,  Hull.  86,  R.  of.  bumiow 
HaU.    81,  R.  sp,  ? 

(H)  8S.  Enloni-t  mtdiali»,  SIsll,  of  the  .Slialy  liniMtuue  89.  E.  p«ealUiii. 
Coii™l. 

(D)  90,   Omlroni^.  sp,  n,  of  the  type  n(  C.  glana-fagia.  but  at  great  iA«e, 

(H)  {11.   £Vy;i(ancHa  ap.  n,      Simlliu'  to  nn   uudeeoribed  Epaciea  ir    ''     "'" 

lilDACtOD*, 

BBT0Z01.KB.    (D)  93.  ftmaMla  alaipara.  nail,  of  the  CoroifeniUB 

83.  F.  sp  1 

(D)  D4.  Oemllrypa  cf.  calunuUala,  Util,  ttt  the  Comiferoua  timenonc. 

9C,  Faiypora  sp  ?  96.  7frf>farfi>  |ip.  DT.  Bedtrella  tp  SH.  Cbtofera  ip. 
99.  Fi^Mij/oru  up, 

COSALS.  |H|  100.  ^upAroihJi  c-I.  Aa^meri' of  the  Slialy  limestoite.  101.  2».r 
1D2,  Jiarniittirria  ap,  lOil.  Mantiodipnra.  a  brunuliiag  speci«9.  104.  TVant- 
jinra,  sp, 

Cniltoins,     IDS.  FilHnoriDUB  saeculiis,  Hall. 

St-QMOEB.     100.  Hin4i<t  «p. 

This  remarkable  association  of  species  fumlsbee  tlie  miuioe 
link  in  the  evolutioD  of  the  Lower  HeJderberp  into  the  typici 
Lower  Devonian  fannii.  While  the  presence  of  sfi  manv  posi- 
tive Oi'iskanj  types  detennines  the  fannal  q u an ti valence,  the 
perdurance  of  species  and  uioditicationB  of  »peciitc  expressions 
characteristic  of  the  Shaly  limestone  fauna,  and  the  iiiceplion 
of  upper  Lower  Devonian  specific  forms,  render  this  combi- 
nation altogether  nnusual  and  of  prime  significance  in  the  cl>^ 
relation  of  our  earlier  Devonian.  The  southwestern  extensioii 
of  the  OriBkany  [Ifipparionifx)  fauna,  as  in  Maryland,  is  com- 
plicated with  the  Lower  Helderberg,  but  to  a  less  degree  thsn 
here;  wliile  in  the  representative  of  the  same  fanna  in  the 
Province  of  Ontario  then?  is  a  great  predorainanee  of  Upper 
lieldeihiTfr  s|nx'ii'>,  "Willi  the  46  species  which  have  been 
identitii-il  in  \\w  llij'jinri'^niij-  fauna  of  New  York  (see  list 
piiblifhi'^l  !i\  Mr.  rliaik'i^  Soli  11  chert,  in  Eighth  Annual  Report 
of  the  New  Vnrk  Stalf  (ieulogiet,  p.  50,  1889),  the  100  or 
m/>re  species  of  the  Eecraft's  Mt.  fanna  are  in  striking  contrail. 
and  no  element  so  strongly  enforces  this  contrast  or  is  fo 
iiniiiue  in  itself  as  the  crustacfaii.  The  association  is  icdn- 
bitably  of  early  Oriskany  age  and  is  eminently  the  TrilobiU  Of 
Dalfnanitca  facies  of  the  Oriskany  fauna.  J.  M.  C. 


] 
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Art.  LIII. — Deacription  of  the  ML  Joy  Meteorite  ;  by 
Edwin  E.  Howell. 


The  accompanyin;^  cut  gives  a  good  idea  of  tlie  form  of  the 
bird  largest  meteorite  fonad  in  the  United  States,  and  the 
trgeet  east  of  the  Mississippi  River. 


It  was  found  in  November,  1887,  on  or  about  the  16th  of 
he  nrionth,  by  Jacob  Snyder,  about  a  foot  below  the  earface 
rhile  digging  to  plant  an  apple  tree  near  his  bouse,  tive  miles 
3  the  southeast  of  Gettysburg,  in  the  township  of  Mt  Joy, 
kdama  Co.,  Penn.  It  was  supposed  by  the  finder  and  his 
riende  to  indicate  the  near  presence  of  an  iron  mine,  and 
Dnsiderable  prospecting  was  done  to  locate  it  The  meteorite 
'as  placed  on  some  tinibers  in  the  open  air  where  it  remained 
ntal  the  summer  of  1891,  before  it  was  seen  by  any  one  who 
ormised  its  true  character. 

Professor  F.  W.  Clarke  induced  Mr.  Snyder  to  send  it  to 
le  National  Museum  for  inspection,  but  was  finally  unable  to 
Msnre  it,  as  Mr.  Snyder  was  unwilling  to  part  with  it  for  a 
rice,  which  the  museum  felt  justified  in  paying.  I,  therefore, 
nrchased  it  from  Mr.  Snyder  on  the  15tli  of  August,  1891. 
Tie  three  largest  dunensions  of  the  meteorite  are  11,  24,  and 
3J  inches  and  it  weiglied  on  the  museum  scales  847  lbs. 
•rofessor  Clarke  had  a  few  ounces  taken  off  for  e.xamination  ; 
7ith  this  exception  and  the  scaling  of  decomposed  crust,  from 
he  outside,  the  mass  still  remains  as  it  was  found. 

Professor  Clarke  has  kindly  furnished  me  with  the  follow- 
ig  analysis,  made  by  Mr.  L.  G.  Eakins  in  the  laboratory  of 
he  United  States  Geological  Survey. 

Professor  Clarke  did  not  succeed  in  developing  the  Wid- 
lanetattian  figures  satisfactorily,  and  the  small  amount  of 
ickel  shown  by  the  analysis  would  indicate  a  poor  etching 
Am.  Joub.  Sci. — Third  Sbbibb,  Vol.  XLIV,  Ko.  363.— Novbvbeb,  189S. 


41f     V.  E.  Linebdrgcr — Concnitrntioii  nf  Iht-  /en*  wt  tht 

iron;    when  larger  snrfaces  iiru  avtkiliibk'.  we  sliall  doubtl* 

obtain  better  results. 

Fo ,  93.80 

Ni 4-81 

Co 0-51 

Cu 0-006 

P_ _ O'lfl 

S o-oi 


No  idea  can  be  formed  of  the  length  of  time  the  meteorite 
had  lain  in  the  ground  and  very  little  of  the  amount  of  n^ 
face  decomposition,  It  has  andergona  ; — anfflcient,  however,* 
reiDOve  all  the  fin^r  pittings,  leaving  a  comparatively  miioo^ 
Bnrfuce. 

Havinf*  heen  inncli  interested  in  Mr.  Davison's  examinstiou 
of  the  magnetic  properties  of  the  Wolland  meteorite,  and 
thinkiuB  that  this  line  of  invostigatioii  in  other  met«oril*», 
mieht  Tcftd  to  intereetint;  results,  I  niquevted  Mr.  Harcns 
Baiter  of  the  I'.  S.  Geological  Survey,  to  make  an  exsmination 
of  the  motoorite,  which  he  kindly  consented  to  do. 

The  rcKult  of  this  examination  u  to  show  that  the  meteorite. 
BB  a  whole,  acts  a«  a  ihhss  of  soft  iron,  gaining  polarity  under 
the  inductive  action  of  the  earth.  The  lower  portion  on  tL« 
north  side  ))ec&me  a  north-peeking  pole,  while  the  upper  put 
became  a  eonth-sceking  pole :  a  pretty  distinct  neutral  tine  wu 
shown,  inclined  to  the  horizon  at  an  angle  (20°-2.^°)  wbieh  if 
approxiinatcly  the  couipiement  of  the  local  inclinntiun  of  the 
dipping  needle.  Tliis  induced  polarity  shifted  with  each 
change  in  the  position  of  the  whole  mass,  and  in  general  thif 
shifting  of  the  poles  took  place  promptly  though  not  alwaji 
at  once.  Mr,  Baker  also  states  that  his  observations  snggestffl 
the  probable  existence  of  an  unequal  distribution  of  perma- 
nent magnetism,  but  this  mutter  rei^uires  further  investigation. 


Art.  ^AY.—On  thf  fvfiiem-e  of  the  Voncentr-ition  nf  tk 
hm><  un  the  liti.-no'.tij  of  Color  of  Solntionif  of  Soh^'  in 
W'ttrr ,•  by  C.  K.  LiNE».\n<iK[i. 

The  color  of  :t  solution  of  a  salt  in  water  depends  upon  tlie 
color  of  the  ions  into  which  it  is  decomposed  t>y  the  act  of 
solution  as  well  as  the  color  of  the  salt  itself.  If  the  salt  U 
colorless  and  contains  hut  one  colored  ion,  any  circumstanw 
tending  to  increase  the  number  of  dissociated  ions,  tends  to 
intensify  the  color  of  the  solution.     If  the  salt  is  colored  and 


Intensity  of  Color  of  Solutions  of  Salts  in  Water.      417 

contains  one  or  more  colored  ions,  the  colors  of  the  salt  and 
he  ions  will  mix,  and  the  solution  will  have  an  intermediate 
tolor.  Any  circumstance  causing  a  change  in  the  state  of  dis- 
ociation  of  the  dissolved  salt  will  change  the  character  as 
veil  as  the  intensity  of  the  solution. 

Of  course,  the  more  concentrated  the  solution  of  a  salt,  the 
nore  intense  its  color ;  but  there  is  another  way  by  which  the 
jolor  may  be  rendered  more  intense,  while  the  concentration 
>f  the  salt,  i.  e.  the  amount  of  salt  to  fixed  amount  of  water, 
loed  not  change  at  all.  This  consists  in  heating  the  solution, 
^bnndant  experimental  proof  of  this  statement  is  found  in  an 
nvestigation  by  Gladstone,*  "  On  the  Effect  of  Heat  on  the 
[Tolonr  of  Salts  in  Solution,"  which  was  published  in  1857. 
Let  us  see  why  this  change  of  intensity  of  color  should  take 
place  in  heating  a  solution. 

It  has  been  found  that  the  electrical  conductivity  of  solutions 
>f  salts  increases  as  the  temperature  rises,  about  2  per  cent 
Eor  each  degree  of  temperature.  In  the  light  of  Arrnenius's 
electrochemical  theory  tliis  means  that  salts  in  solution  become 
more  and  more  decomposed  into  their  ions  as  the  temperature 
rises;  the  higher  the  temperature,  the  more  concentrated  the 
3olntion  with  ions.  Accordingly,  as  the  intensity  of  the  color 
of  a  solution  depends  in  a  great  measure  upon  the  number  of 
ions  contained  in  it,  if  a  colored  solution  be  heated,  its  color 
deepens. 

Gladstone's  paper  commences  with  these  pregnant  sen- 
tences : — "  As  a  general  rule,  the  solution  of  a  salt  has  the 
same  power  of  absorbing  or  transmitting  the  rays  of  light  at 
ill  temperatures.  I  am  not  acquainted  with  any  instance  of  a 
dissolved  colorless  salt  which  assumes  a  color  when  the  solu- 
tion is  either  heated  or  cooled ;  nor  does  the  converse  seem 
ever  to  occur, — a  salt  colored  at  the  ordinary  temperature, 
which  loses  that  color  when  heat  is  applied.  Nevertheless  it 
18  not  rare  to  find  colored  salts  which,  when  dissolved  in  water, 
vary  in  shade  or  in  tint  according  to  the  temperature. 

Ill  some  cases,  heating  the  solution  seems  merely  to  intensify 
the  color.  This  is  the  case  with  the  following  red,  orange, 
yellow,  and  green  salts  : — 

Meconate  of  iron — red. 
Terbromide  of  gold — red. 
Red  nitrate  of  cerium. 
Bichromate  of  potash — orange. 
Ferrocyanide  of  potassium — yellow. 
Molybdous  chloride — green." 

A  number  of  instances  are  now  given  of  changes  in  the 
character  as  well  as  in  the  intensity  of  the  color,  when  the 

♦  Phil.  Mag.,  xiv,  423. 
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Boktion  IB  heated,  the  change  of  the  character  of  the  eolar 
being  due,  as  mciitioiied  alwvB,  to  the  fact  that  the  uodillo- 
ciated  molecule  ae  well  hs  it»  diesociateil  iotie  aru  colored 
In  reference  to  these  obeervationB  lie  says: — 'A  glance  at  the 
above  obeervations  will  Biiffice  to  show  tW  where  the  color  it 
not  materially  alttTed  in  character,  it  invariahlj  becomee  more 
inteDsc  when  hoated,  that  is  to  say  fewer  rays  are  trau8iiiit[«d: 
*  *  *  The  elevation  of  temperature  seems  to  heighten  tlie 
absorbent  power  of  the  diseolred  salt,  bo  that  the  light  absorbed 
by  a  certain  qnantity  of  the  heated  solntion  is  the  same  u 
would  have  been  absorbed  by  a  larger  qnantity  of  the  same 
solntion,  if  cold." 

We  now  know  that  thiB  absorbing  power  is  exercised  by  the 
ions  as  well  as  by  the  salt  in  solntion,  and  that  just  as  the  color 
is  the  more  intense  the  more  conceutrate<)  the  solution,  so  tsit 
also,  the  more  nnnaerons  the  disMOciutcd  ions.  And,  to  repent, 
iLS  heat  increases  the  nnmber  of  dissooiated  ions  of  a  salt  in 
solution,  so  does  it  deepen  the  shade  of  color  of  the  solntion, 

Note, — .rust  before  receiving  Hie  proof  o[  tlie  itbovo  papitr,  thore  came  tomj 
notice  tlis  Brtjcles  "  On  the  liissodatioo  of  EliMlrolylVH  in  Solution  as  ettawa  b; 
Colorimotrie  I>irtoniiinBtiijna "  (Oheio,  News,  vol.  l<vi.  pp.  104,  !U,  Ul,  li!J 
by  II.  M.  VemoD.  B.A.,  the  experimental  data  nt  which  Rlliinl  addition*!  podlA 
the  rorrootaesa  ot  Ibe  vien^  expressed  nbove, 

Obimgo,  UL 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Oil  l/w  ndufh-e  JJeiiKitUn  of  Ilyilroy^n  and  Oj-)/!/en.— 
RiYLEifiH  has  continued  his  reaearcbcs  on  the  relative  densities 
ot  bydrngen  and  oxygen.  In  his  tirst  paper  (18S8)  he  gave 
I5-Hfi4  as  the  ratio  obtained.  Subsequently  he  effected  a  direct 
synthesis  of  water  and  obtained  the  ratio  15'S9.  He  says:  "I 
had  intended  further  to  elaborate  and  e.vtend  my  obstTvaiions 
on  the  svntiii'sis  of  water  Ironi  weighed  quantities  of  osvgen  .inJ 
hydroiii'.j,  but  iIm'  puhlifati..n  of  K.  \V.  Movlry's  maiti-rly  re- 
Mt'arclii-'f  il|>nn  ihi'  '  Vnlnnuarir  (■■■i-.]..-irl..ji  .f'  W.itcr'  (.ii/'C. 
./o'li:  Sri,  Marrli.  l«!i|)  led  m-  :■■  ■  ■  .ii   th.it  the  bcsi 

OciilriliiiliiMi   lliat   i  cuiild   now   iii:>'  ■    ■■■  :        ■  ,      .  <-l    would  hi.- 1>T 

the   fiiither  .ieR.rmii.ilioi,    nf  iIm'    >■    , l.M-iii-    of  the  W 

t'ascs.  "Hie  coinliiiiiilicTi  of  llii-  uuli  i  lir  iiKiiii.ei-  J-UOOl' obtainsil 
by  ildflt-y  ;iM  the  irii':iii  "t  ;i~l.ihi-liiii!;iy  oonciirdant  indiviiiusl 
expei-intents,  whilM  ;:ivc  :i  Kcir-r  ir-'iill  I'l^r  llie  atomic  wpiglit* 
than  any  I  could  Iiojil-  lo  uhtuin  djjvelly."  In  the  present  ei- 
iits,  the  gases  wei'i-  ol)lainird  eleetrolytically,  the  geoeralot 
a  long  I'-tube  containing  a  solution  of  potassinm  hyilriji- 
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de,  furnished  with  platinum  electrodes  and  supplied  with  about 
ihree  amperes  of  current  by  means  of  a  Grove  battery.  Only 
me  of  the  gases  is  collected,  the  other  being  allowed  to  escape 
hrough  a  mercury  seal.  If  the  hydrogen  is  to  be  collected,  this 
^as  is  led,  first,  through  a  tube  of  hard  glass  containing  metallic 
(opper  and  heated  to  redness,  thence  through  a  flask  containing  a 
trong  potassium  hydroxide  solution,  then  through  a  second  hot 
ube  containing  copper,  through  a  regulating  tap  and  a  tube  con- 
aining  solid  hydroxide,  through  a  long  tube  containing  phos- 
>boric  oxide,  and  finally  through  glass-wool.  Tlie  globe  in  which 
fhe  gas  is  weighed  is  connected  to  one  terminal  of  a  four*way 
.abe,  the  other  terminals  leading  to  the  pump,  to  the  generator 
md  to  a  blow-off"  tube  of  the  barometric  length,  respectively. 
[n  making  an  experiment,  gas  from  the  generator  was  allowed  to 
low  through  the  purifying  train,  under  the  action  of  the  pump, 
for  half  an  hour.  Then  the  pump  was  put  into  communication 
with  the  globe  and  with  its  set  of  tubes  and  a  high  vacuum  pro- 
duced in  them.  On  making  connection  with  the  generator  the 
globe  slowly  filled  with  gas,  the  operation  taking  from  two  to 
three  hours.  The  gas  was  allowed  to  escape  from  the  blow-off* 
tobe  for  some  minutes,  under  a  pressure  of  half  an  inch  of  mer- 
cury. The  cistern  was  then  lowered,  leaving  the  end  of  the  tube 
free,  and  the  flow  of  gas  was  continued  for  two  minutes.  Four 
minutes  were  allowed  after  the  tap  to  the  generator  was  closed, 
for  equilibrium  of  pressure  to  be  attained.  Then  the  tap  to  the 
globe  was  turned  off*,  the  barometers  and  thermometers  read,  and 
the  globe  weighed.  The  finally  corrected  values  obtained  were 
for  hydrogen  0*158531  gram,  and  for  oxygen  2*51777;  so  that 
the  density-ratio  is  15*882.  Combining  this  with  Morley's  ratio 
of  volumes  2*0002 : 1,  the  value  15*880  is  obtained  as  the  ratio  of 
the  atomic  masses.  The  following  summary  of  the  results  of 
different  experimenters  is  given  in  the  paper : 

Name.  Date.  Atomic  masses.  Densities. 

Dumas, 1842  15*96 

Regnault,    1845  15*96 

Bayleigh, 1888  15*884 

Cooke  and  Richards,  1888  15*869  

Keiser, 1888  15*949  

Rayleigh,    1889  1589  

Noyes, 1890  15*896  

Dittmar, 1890  15*866  

Morley, 1891  15*879  

Leduc, 1891  15*906 

Rayleigh,   1892  15*882 

—Proc,  Roy,  Soc,  Feb.  18,  1892  ;  Nature,  xlvi,  101,  June,  1892. 

G.  F.  B. 

2.  On  the  Properties  of  liquid  Oxygen  and  liquid  Air. — In  a 
recent  lecture  at  the  Royal  Institution,  Dewar  illustrated  the 
properties  of   liquid  oxygen  by  some  remarkable  experiments. 
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Upon  the  lectaro-table  stood  &  liter  flask  foil  of  liquid  oxygen. 
On  filling  a  test-tube  with  it,  it  appeared  milky,  but  became  clear 
on  passing  it  through  filter  paper.  The  image  of  the  tinuid 
throwa  on  a  screen,  appeared  of  a  pale  blue  color.  The  liquid  in 
the  tube  boiled  violentlv  at  the  leiti pe future  of  the  air,  with  a 
biasing  Doise,  giving  ofl^  a  white  smoke  due  to  tho  frozen  tnoii- 
ture  of  the  surrounding  air.  Its  boiling  point,  determined 
Iher mo-elect rically,  is  —180°.  Liquid  oiygen  is  a  non-conductor 
of  eleclritily.  Moreover,  a  spark  O'l"""  will  not  pass  through  it 
from  a  ootl  giving  a  long  spark  in  air;  so  that  it  ia  also  a  good 
inanlalor.  Interposed  in  the  path  of  a  beam  of  light,  its  absorp- 
tion spectrum  showed  clearly  the  Hues  A  and  B  of  the  xolar  sfieo- 
triim,  which  lines  as  is  well  known,  are  due  lo  abtiorption  by  th« 
oxygen  in  our  atmosphere.  On  accelerating  thi:  evaporatioti  of 
some  liquid  oxygen  by  reducing  the  pressure  upon  it,  Dewar 
liquefied  air  in  an  open  test-tube  under  atmospheric  pressure. 
The  liquid  air  was  clearer  and  fumed  leas  than  liquid  o»ygen. 
It  also  boiled  more  quietly.  Common  air  llquefieb  at  a  macb 
lower  temperature  th«n  oxygen,  both-  gaaes  being  liquefied  to- 
gether. In  evaporating  however,  the  nitrogen  boils  off  before 
the  oxygen.  Placing  two  or  three  onnces  of  Hqaid  air  in  i  test 
lulie,  a  smoldering  splinter  of  wood,  placed  in  tho  upper  portion, 
was  not  at  first  ignited.  But  after  the  nitrogen  had  for  the  most 
part  boiled  off,  which  took  nearly  five  minutes,  the  wood  whon 
inimerrcd  burst  into  (lame.  He  then  poured  oat  a  wioeglaasfnl  of 
liquid  air  and  preMiiied  it  to  Lord  Kelvin,  who  waa  in  the  chair. 
The  magnetio  properties  of  liquid  oxygen  were  nhown  by  placing 
some  of  it  in  a  cup  made  of  rock  salt  (in  which  it  assumes  the 
flpherniiljil  stale)  ,iiul  puttin;;  ilie  cup  bonealh  the  poles  of  a  pnwer- 
fnl  eleetromaguut.  On  completing  the  circuit,  the  liquid  osygen 
rose  from  the  cup  and  attaclied  itself  lo  the  poles,  thus  conned- 
ing  tliem  together.  There  it  boiled  gradually  away,  sonielimet 
more  on  one  pole  than  on  the  other,  falling  back  into  the  cap 
when  the  circuit  was  opened.  With  a  single  pole  the  oxygen  wm 
drawn  up  out  of  a  tube.  Compared  with  iron,  liquid  oxygen  is 
about  one  thousandth  as  magnelic.  Liquid  air  also  goes  to  tbe 
poles  of  a  magnet,  there  being  no  separation  of  the  oxygen  and 
nitrogen.  It  has  the  same  high  insulating  power  as  liquid  oxy^n. 
Allhough  phosphorus  is  not  attacked  on  being  dropped  into 
liquid  OKVgcri,  yet  a  jihotographic  plate  inimei-sed  in  liquid  ovy- 
gen  at  —'20(1°  was  found  to  be  sensitive  to  light.  Dewar  give* 
tile  following  boiling  points  under  atmospherio  pressure  l  carbon 
dioxide  "-80",  nitrogen  monoxide  —1)0°,  ethylene  —103',  oiygeD 
— 184°,  nitrogen  — igs-l",  air  — lOa-fi",  carbon  monoxide  — 1M°, 
nitrogen  dioxide  —153°,  marsh  gas  —164°.  Under  only  6  to 
1(1"'"'  pi-essiive  the  boiling  points  are  fur  CO,  —116",  N,0  — 12S°. 
CJI  -142°,  O  -211°,  X  --.'25=  (solid),  air  -207°  (solid),  CO 
-211°,  N,,0,  -171)°,  t'H.  --.'01°  {^"\\<\)— Engineer,  ixxiii,  .SI*. 
June,  1S02.  '  n.  v.  a. 
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3.  On  the  Industrial  production  of  Liquid  Carbon  dioxide,  — 
Id  a  report  lately  made  to  the  Societe  d'EQCOuragement,  Troost 
baa  called  attention  to  the  extent  to  which  liquid  carbon  dioxide 
is  prepared  for  commercial  purposes,  the  chief  use  in  Germany 
being  in  the  preparation  of  beer  and  in  France  for  the  prepara- 
tion of  salicylic  acid  by  the  reaction  of  liquid  CO,  on  sodium- 
phenol.  At  the  works  of  the  Compagnic  Generate  des  Produits 
Antiseptiques,  the  carbon  dioxide  is  produced  by  the  combustion 
of  coke  and  is  collected  in  a  gasometer ;  from  this  it  is  drawn, 
dried  and  compressed  into  iron  bottles  under  pressures  of  5,  25 
and  71  atmospheres.  Most  of  it  is  used  in  the  manufacture  of 
salicylic  acid,  though  it  has  other  uses.  At  present  the  daily 
ontpot  is  300  kilograms,  but  the  capacity  of  the  works  is  to  be 
increased  to  1000  kilograms.  It  is  sold  at  sixty  centimes  per 
kilogram.  It  is  used  in  making  aerated  waters,  in  the  filtering 
of  wine,  for  cooling  purposes  in  consequence  of  the  absorption  of 
heat  on  vaporizing  and  for  producing  a  high  pressure  in  the 
solidification  of  metals.  —  ^t^/.  Soc,  JEnc,^  July,  1892;  Nature, 
xlvi,  399,  Aug.,  1892.  o.  f.  b. 

4.  On  the  Oxidation  of  Nitrogen  by  the  Spark, — The  produc- 
tion of  small  quantities  of  nitrous  and  nitric  acids  during  the 
passage  of  electric  discharges  through  moist  air,  is  well  known. 
LsPEi.  has  undertaken  an  investigation  to  determine  the  precise 
nature  of  the  chemical  changes  taking  place,  with  a  view  of  in- 
creasing the  yield.  The  first  product,  when  the  spark  passes 
through  air,  apparently,  is  nitrogen  dioxide;  which  becomes  tetr- 
oxide  by  the  oxygen  of  the  air.  This  reacts  with  the  aqueous 
vapor,  forming  nitric  acid  and  setting  free  nitrogen  dioxide  again, 

thus:  (NO,),4-(U,0),=(HNO.),  +  NA-     ^n  further  passing  the 
sparks,  however,  decomposition  of  tlie  nitrogen  oxides  into  their 
constituents  takes  place ;  so  that  in  a  closed  space  a  limit  is  soon 
reached  beyond  which  there  is  no  further  increase  in  the  produc- 
tion of  nitric  acid.     Hence  the  author  has  used  a  slowly  moving 
atmosphere,  varying  the  pressure  and  the  spark  through  a  wide 
ranp^e;  and  he  has  already  increased  the  amount  of  combination 
Up  to  ten  per  cent  of  the  air  employed.     The  best  effect  is  ob- 
tained   when  the  air  is  exposed  under  increased  pressure  to  a 
Series  of  parallel  spark-discharges  in  the  same  tube.     The  air  in 
the  tube  is  changed  intermittently,  the  gases  passing  into  a  large 
absorption  vessel  containing  water  or  alkali-solution.     In  his  later 
experiments  Lepel  has  used  a  Topler  machine  having  66  revolv- 
ing plates;  and  he  thinks  that  with  the  high  voltage  discharges 
lately  produced  by  Tesla  and  others,  the  problem  of  producing 
nitric  acid  from  the  atmosphere  may  be  a  commercial  success. — 
•^nn.  Chem,  Phys.,  II,  xlvi,  319,  June,  1892.  G.  f.  b. 

5.  On  the  Inorganic  synthesis  of  Azoimide, — Hitherto,  azoi- 
mide  N,H  has  been  obtained  only  from  organic  substances. 
"WiSLiCENUS  has  now  effected  its  synthesis  from  purely  inorganic 
vnaterials.  His  method  depends  upon  the  interaction  between 
nitrogen    monoxide  gas    and  ammonia  in  presence  of  sodium. 
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TheBC  two  gaees  Ao  not  react  upon  each  other  even  when  a 
ture  of  ihem  is  ]iaB«ed  over  heated  ftoda-liinu.  Hut  in  present 
Bodium,  action  readily  tak«a  place,  owing  to  the  production  fint 
of  Bodiuin  amide,  which  then  reacts  with  the  monoxide  to  yicl4 
the  sodium  salt  of  azolmide,  ihun :  NaNn,  +  K,0=IvaN, 4-11,0. 
The  sodium  salt  being  less  explosive  than  most  of*  the  other  mIU 
of  ftzoimide,  the  eK]>eriinenL  may  be  safely  performed  if  propw 
c»re  is  exercised.  The  sodium  in  small  pieces  is  placed  in  several 
uorcelain  boats  in  a  comhustion  tnbe  and  the  nir  lE  displaced 
by  a  currant  of  ammonia  gaa.  On  heating  the  tnbe  tbe  sodium 
fuecs  and  is  converted  into  sodamide.  Then  the  current  of  an- 
niouia  is  replaced  by  one  of  nitrogen  mouoJtide,  and  the  tempra- 
ture  is  reduced  to  between  150°  and  iSO",  by  snrroundine  the 
tubb  by  an  air  bath.  The  sodamide  iiiurvawB  in  bulk  and  b?- 
comt-s  sodium  acoimidr,  the  reaction  being  completed  when  VI^ 
monia  no  longer  eicapea.  This  salt  may  also  be  obtained  bj 
paexing  a  mixture  of  nitrogen  monoxide  and  ammonia  iinr 
metalbc  sodium;  but  the  yield  is  smaller  and  the  sodium  some- 
times iuflames  in  the  monoxide.  Ob  throwing  the  product  intt 
water,  and  distilling  the  filtered  solution  with  dilute  sulpfaans 
ai'id,  the  distillate  possesses  the  intolerable  odor  of  aioimidc  vA 
gives  precipitates  with  silver,  lead,  and  mercurouB  nitrates,  whidi 
correspond  in  properties  with  these  ^alta  of  sEoimide.  Tlie 
silver  salt  gave  7r7  per  cent  of  silver,  AgK,  requiring  7l'9  ]«r 
cent.  PotaBsioni  and  zinc  may  also  be  used  in  place  of  sodiam.— 
Ber.  Bert  Vhem.  Cfe*.,  xxv,  2084,  July,  1892 ;  AVrtwrt,  xlvi,  2«, 
July,  1892.  o.  F.  a 

6.  On  Metallic  CarbonyU.—Oo.  the  3d  of  June,  a  Fridaj 
evening  discourse  on  mclallio  carboiiyls  was  given  at  the  Rojil 
Iiisiiiuiion  by  Lumvir,  Mosd.  After  referring  to  the  poiassiun 
carboriyl  of  Licbig  as  the  first  melnllic  carbonyl,  he  entered  u|m)ii 
a  i-'OiLsideration  of  the  nickel-carbonyl,  discovered  three  years  sgo 
by  himselt,  in  connection  with  Larger  and  Qnincke.  The  nickel, 
pi-epared  in  a  fine  state  of  division  by  heating  the  oxalate  ' 
current  of  hydrogen,  is  treated  with  carbon  monoxide  at  a 
terapernlure.  Thi>  escaping  iiLckel-t':irbo(iyi,  cooked  in  a  ficeziiii! 
mixture,  is  condensed  to  a  i'nl,,:  1,  --  ;i.|in.l,"u  l,h-li  lir.  a-  :ii  " 
in    needle-sli.ipea  cryslak      I'       .;...    i    ...  ^  ,■,.■■  -i  . 

ror  nl  ni.-lallif  \wVv\.  ll-  ii-iL;i:.ri,-  j.i  ,,|..  ,  r ,, -,'  ,,  ,,.,!:■ 
(.Jiiini-liv.  arc  nitiarkable  sine*.'  ii  is  ilianiagiiolic  to  a  high  .1. 
all  "tln'V  nickel  i-'onipodnds  being  paramagnetic.  It  is  ill; 
ev.'ulk'Mi    iMMihiloi-.      lis    speclrnm,    obserfed     by    Uveir,^ 


tidy  wcU^detiiii-il  liiir'^  arc  oh-icrvcii  .-.-tTi-^ii-miifig 
lines  in  the  sjiark  sped rntn  of  nickel.  The  ma^-nrlic 
nickel  carbonyl,  «s  observed  by  Dr.  I'crkin,  is  roniid  W 
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be  greater  than  that  of  any  other  known  substance  excepting 
phospboras.  The  atomic  refraction  of  nickel  in  this  substance  is 
nearly  two  and  a  half  times  as  large  as  in  any  other  nickel  com- 
pound. In  accordance  with  the  view  that  the  valence  of  an  ele- 
ment is  higher  in  proportion  as  its  compounds  have  a  higher 
refractive  power,  the  valence  8  has  been  assigned  to  the  nickel 
in  nickel-carbonyl.  Ferro-carbonyl  is  prepared  in  a  similar  way. 
It  is  an  amber-colored  liquid,  solidifying  below  —21°  to  a  mass 
of  needle-shaped  crystals,  and  decomposing  at  180°.  Its  formula 
is  Fe(CO)^.  It  is  permanent  in  the  dark  but  on  exposure  to  sun- 
Ught  is  decomposed,  yielding  a  fine  gold-colored  solid.  Experi- 
ments on  a  somewhat  large  scale  to  test  the  practicability  of 
utilizing  nickel  carbonyl  in  the  extraction  of  nickel  from  its  ores, 
proved  entirely  successful. — Nature^  xlvi,  230,  July,  1892. 

G«    F.    B. 

7.  Rapid  Electrical  Oscillations,  —  In  the  experiments  by 
Hertz  on  electrical  oscillations  and  also  in  the  experiments  of 
subsequent  investigators,  Ruhrakorf  coils  have  been  used  to  prop- 
agate the  electrical  oscillations.  It  is  well  known,  however, 
that  the  oscillation  in  the  sparks  from  a  Holtz  machine  or  a  Ley- 
den  jar  are  far  more  rapid  than  those  produced  by  the  aid  of  a 
Kuhmkorf  coil.  Toepler,  therefore,  has  endeavored  to  study 
electrical  oscillations  by  the  aid  of  a  Toepler-Holtz  machine. 
His  attempt  has  met  with  success  and  he  describes  his  experi- 
ments at  length  in  the  paper  we  cite.  His  conclusions  state  the 
ratio  between  the  primary  and  secondary  circuits  which  he 
employed  in  order  to  produce  the  phenomena  of  resonance.  He 
also  studied  the  electric  spark  between  a  conductor  and  a  surface 
of  water,  and  discovered  that  this  spark  did  not  oscillate  and  he 
therefore  concludes  that  it  is  probable  that  the  ordinary  light- 
ning discharge  does  not  oscillate.  A  loud  noise  and  strong 
development  of  light  in  an  electric  spark  is  not  in  general  a  crite- 
rion of  oscillatory  character  of  the  spark. — Ann,  der  Physik  imd 
Chemiey  No.  7, 1892,  pp.  464-484;  No.  8, 1892,  pp.  642-665.    j.  t. 

8.  Electricity  of  Waterfalls. — Ph.  Lkxard  refers  to  the  opin- 
ion formerly  held  upon  this  subject,  and  after  an  exhaustive 
examination  conducted  in  the  Alps  and  also  in  the  laboratory, 
concludes  that  drops  of  water  which  fall  upon  water  or  wet  bodies 
develop  electricity.  The  water  is  positively  electrified.  The  air 
moves  away  from  the  place  of  the  fall  of  the  drops  charged  neg- 
atively. The  charge  of  the  water  can  become  so  great  as  to 
produce  small  sparks.  The  air  potential  in  a  room  can  become 
strongly  negative.  Slijjfht  impurities  in  the  water  have  very  great 
effect  upon  its  electritication.  A  simple  explanation  is  afforded 
by  the  hypothesis  that  contact  electricity  is  developed  between 
fluid  and  gaseous  bodies. — A9in,  der  Physik  und  C/iemie,  No.  8, 
1892,  pp.  684-636.  J.  T. 

9.  Photography  of  Color, — At  a  meeting  of  the  Physical 
Society  in  Berlin,  June  17,  1892,  H.  W.  Vooel  read  a  paper 
on  the  various  attempts  which  have   been   made  to   reproduce 
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natural  colors  by  photography.  He  [loiiiled  out  that  th^  Lipp- 
inann  process  requires  greal  tare  in  tfae  [irMTaroiioii  of  tlie  brotnioe 
of  silver  emulsion  )d  order  to  obtAiii  the  layer  of  finely  divided 
silver  which  is  esBenlial  to  the  succcbb  of  the  Ijpptnann  procew. 
Moreover  there  is  no  posMbitily  of  Ihti  mnlliplicalioii  uf  copies  of 
the  photograph.  Each  copy  requires  an  KXposure  and  a  separate 
development.  A  reeumij  is  then  given  of  the  endeavors  of  vaiioas 
workeirs  to  eomhine  three  negatives  taken  through  red,  ycUov 
and  blue  glass.  Later  iuveetigators  employed  (in  1869),  red, 
green  and  violet.  Suitable  platcfl  of  the  reqnii-ed  sensibility, 
however,  could  not  be  obtained.  In  1878  Voge!  prepared  onho- 
chromatio  platen  of  gi-eater  sensibility  and  au  advance  was  made 
■  I  the  repreBcntaiion  of  the  valui-s  of  colors.  Further  improve- 
lent  has  been  made  in  orthochroraalic  plates  and  in  the  method 
r  using  snitablf  color  screi'ii*.  What  I'ormcrly  could  be  bccodi- 
plished  by  chromo-lilbography  after  a  month's  Inbor  by  the 
employment  of  twenty  stones  can  now  be  douo  in  eight  days  witli 
only  three  plates. — Ann.  rfer  Phytik  itnd  Cheinie,  No.  7,  1892, 
pp.  521-527.  J.  T. 

10.  Electrical  Rmstauee  of  Allotropic  SUver. — A.  Ovebsbck 
haa  examined  the  resistance  of  the  new  forma  of  silver  discovered 
bv  M.  Carey  Lea,  of  Philadelphia.  The  latter  has  shown  lh*t 
allotropic  silver  can  be  converted  into  the  ordinary  silver  in  the 
following  ways : 

1.  By  heating. 

2.  Heohaniu&l  means  (preasnre). 

3.  By  intense  light. 

4.  By  eleotricBl  discharges. 

5.  Hv  tr.-aim<-nt.  wiUi  ilim-ient  jiftds  imd  solutions  of  salt. 
(Ivi-rlicck  liiuls  Ui;U  all  i.|nT!itions  which  tfnd  to  appro\imate 

allotroiiic  silver  to  ordinary  silver  lessen  its  electrical  resistitnce. 
The  electrical  resisiance  jinives  to  he  a  very  sensitive  reagent,  far 
more  sensitive  ihim  any  chemical  process,  to  show  differences  of 
molecular  state.  — ,!«)(.  rfer  J'/iysik  und  Vheiiiie,  Xo.  0,  1S92,  pp. 
205-2M0.  .1.  T. 

1 1.  "0«  the  .^im.iH'ii>e!ly  of  M'igiietic  Variations  at  (fifferent 
places  on  occmioiis  </f  Mui/netii'  Distiir/nince,  and  on  the  relation 
between  Mn'jnftie  ami  Earth  Current  Phenomena  ;^^  by  Willum 
Elli^.  (.Abstract.) — In  this  pa|>er  the  author  refers  to  the  ordi- 
nary variations  of  the  magnetic  elements  as  observed  at  Green- 
wich ;  ilie  annn.il  progressive  change;  the  diurnal  variation- 
large  ill  summer,  small  in  winter,  ami  also  larger  when  sun  spots 
are  numerous  and  smaller  when  sun  spots  are  few;  the  irregular 
magnetic  dislnrhances  and  magnetic  storms,  and  the  accompany- 
ing earth  cnrrcnts;  phenomena  which  are  generally  similar  at 
other  places. 

He  then  invites  attention  more  particularly  to  magnetic  disturb- 
ances. TIiosc  .11  Greenwich  may,  after  a  calm  period,  arise 
gradually,  or  commence  with  great  suddenness.  When  sudden, 
the  movement  is  simultaneous  in  all  elements.     The  first  indicatioP 
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may  be  a  sharp,  premonitory,  simultaDeoas  movement,  followed 
after  a  time  by  general  distarbance,  or  the  movement  may  at 
once  usher  in  the  disturbance.  These  initial  movements  are  not 
always  great  in  magnitude,  sometimes,  indeed,  small,  but  they 
have  a  very  definite  character,  and  frequently  occur  nearly  instan- 
taneously, as  is  shown  by  the  character  of  the  photographic  traces. 

It  has  been  long  known  that  magnetic  disturbances  occur  at  the 
same  time  over  wide  areas  of  the  earth's  surface,  but  the  accidental 
comparison  in  past  years  of  the  times  of  commencement  of  one  or 
two  disturbances  at  Greenwich  with  the  times  at  other  places  has 
led  the  author  to  suppose  that  the  coincidence  in  time  is  much 
closer  than  had  been  before  supposed,  and  the  definite,  and  on 
occasions  isolated,  character  of  the  initial  movement  induced  him 
to  undertake  tbe  collection  and  comparison  of  the  times  of  such 
movements  for  a  number  of  days  at  observatories  geographically 
widely  separated. 

The  times  of  such  movements  cannot  be  caught  by  eye  observa- 
tion without  continuous  watching  of  the  magnets,  so  that  the 
photographic  registers  have  to  be  relied  upon,  which  is  better, 
excepting  that  the  scale  of  time  is  necessarily  contracted  ;  but, 
though  in  individual  measures  there  might  be  variations,  it  was 
conceived  that  (supposing  no  systematic  error  to  exist)  the  mean 
of  a  number  of  comparisons  should  give  a  good  result.  Seventeen 
days  occurring  in  the  years  1882  to  1889  were  selected  for  com- 
parison, the  observatories  being  those  of  Toronto,  Greenwich, 
Pawlowsk,  Mauritius,  Bombay,  Batavia,  Zi-ka-wei,  and  Melbourne, 
and,  for  a  less  number  of  days,  Cape  Horn  (as  obtained  from  the 
Mission  Scientifique  du  Cap  Horn, 1 882-83.)  It  was  desired  to 
have  times  for  Pola,  but  it  was  found  that  photographic  registers 
during  great  part  of  the  period  did  not  exist.  The  variation  in 
time  at  each  place  from  the  mean  of  times  for  all  places  is  given 
for  each  day.  The  mean  deviation  at  the  different  places  varies 
From  -f  2*4  minutes  to  •— 2*9  minutes,  the  agreement  between  four 
[>f  the  places,  Greenwich,  Pawlowsk,  Mauritius,  and  Bombay, 
being  very  much  closer,  the  mean  values  of  deviation  for  Green- 
wich, Pawlowsk,  and  Bombay  differing,  indeed,  by  only  0*1 
minute,  equivalent  to  6  seconds. 

The  question  arises.  Are  the  differences  real,  or  due  (consider- 
ing the  contracted  time  scale)  to  accidental  error  ?  If  the  mag- 
netic impulse  is  really  simultaneous  over  the  whole  earth,  it  is  a 
striking  physical  fact,  and  if  not  entirely  so,  the  circumstance  is 
DO  less  interesting;  but  greater  attention  to  accuracy  of  time  scale, 
3r  a  more  extended  scale,  may  be  necessary  before  the  point  in 
question  can  be  definitely  settled. 

A  table  is  added,  showing  the  character  of  the  magnetic  move- 
nent  at  the  several  observatories,  from  which  it  appears  that  at 
iny  one  place  the  movements  on  different  days  were  in  most  cases 
ifnilar,  though  different  at  different  places,  indicating  on  these 
occasions  the  occurrence  usually  of  one  general  type  of  disturb- 
koce. 
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Keference  is  made  lo  tbe  queitioD  of  earth  currents,  A  com- 
pariBoii  for  tbirty-oue  days,  betwevn  1880  and  181)1,  of  cases  of 
sudden  magnetic  movement  and  earth  current,  sliiiws  the  earlb 
rent  to  precedo  the  magnetic  movement  by  0'14  miuule,  equiva- 
lonl  to  8  seconds.  The  question  of  the  relation  between  magnetic 
movemfots  and  earth  currents  is  diacnased.  Tlie  deairabilily  of 
being  able  temporarily  to  obtain,  when  occasion  requires,  a  more 
extended  time  scale  for  all  magnetical  and  meteorological  phe- 
nomena is  pointed  otit. 

The  general  result  is  that  iu  the  definite  magueiit?  movcmi-Dis 
preceding  disturbance  the  magnets  at  any  one  place  are  simalti- 
neously  aftect«d  ;  bIho  that  in  places  widely  different  in  geograpbi- 
oal  position  the  tiniea  are  slmulianiKius,  or  nearly  so,  a  amall  cou- 
Htant  ditTerence  existing  at  Home  places  whicli  may  be  real  or  may 
be  accidental,  but  the  character  of  which  it  seems  desirable  to 
determine.  It  is  shown  also  that  at  Greenwich  definite  magnetic 
movements  are  accompanied  by  earth  current  movements  which 
are  simultaneous,  but  that  neither  magnetic  irregularities  iioc 
ordinary  magnetic  variations  seem  to  admit  of  explanation  od  the 
supposition  of  being  produced  by  the  direct  action  of  earth  ea^ 
rents, — Prac  Roy.  Soc,  No.  313,  p.  445, 

12.  Physict,  advanced  cottrae,  by  Qaoiuia  F,  Bakkkb,  Pro- 
fessor of  Phyaicw  in  the  University  of  Penusylvauia.  902  pp.  8vo, 
New  York,  ISflS  (Henry  Holt  and  Company.) — The  subject  of 
Pfaysica  has  grown  to  so  large  proportions  of  recent  yetars  that  to 
present  it  adequately,  in  systematio  shape  and  with  soch  thorough- 
ness as  the  higher  grade  of  stndents  demands,  is  a  work  of  ever 
increasing  dilScuIly.  To  the  accomplishment  of  this  task  Pro- 
fessor liarkcr  lii»«  lirniight  a  ihorouirh  grasp  of  the  Mibjecl  as  a 
whole,  a  comprehensive  and  minute  acquaintance  with  the  writ- 
ings, both  practical  and  theoretical,  of  the  foremost  workers  and 
thinkcrii  in  the  fcience,  and  an  unusual  degree  of  skill  »nd 
experience  in  the  clear  presentation  of  facts  and  principles  for 
the  benefit  of  students.  The  results  of  his  labors,  the  careful  and 
patient  nature  of  which  are  obvious  from  beginning  lo  end,  is  a 
work  modem  in  method  and  fresh  iu  matter,  not  indeed  beyonJ 
cricicisri)  at  some  points,  hut  which  commends  itself  to  the  alien- 
lion  of  tvcry  teacher  who  has  lo  do  with  this  depavtment. 

I'll  y  si  CM  in  general  is  treated  as  ''the  science  of  energy"  and 
the  llirei-  fuuil;unenial  divisions  adopteil  for  the  subject  are  ihose 
of  (I)  riinss- physics,  {2)  molecular  physics  and  (3)  physics  of  I !!<■ 
ether.  In  the  tiist  division  the  sulijccts  discussed  are  kinematic^ 
dynamics,  work  and  energy,  attraction  and  potential,  also  tlie 
propeiaies  ol  ninlter  and  finally  llie  encrtjy  of  mass-vibration  nr 
Ponn.l.  The  secon<l  pan  imludes  heat;  while  the  third  gives  lire 
discussion  of  radiation  iu  i:euer:il :  of  electrostatics,  called  llif 
ener..'V..felher-stiess:  TuatnieUsm,  ■' llie  eiieruv  of  ether  vortices"; 
electrokiiicli.-s,- the  eiH-iirvnf  ether  Hi.vv".  the  hist  ehaplertreols 
of  tiie  (-loctvoniagiiftic  cJKiractcr  of  radiation. 
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The  above  classification  will  serve  to  show  the  point  of  view 
adopted  by  the  author,  which  he  has  systematically  followed 
throughout  the  development  of  the  different  parts  of  the  subject. 
There  is  thus  a  unity  of  general  treatment  which  adds  much  to 
the  value  of  the  work.  The  b(»ok  is  also  consistent  in  minor 
points,  as  in  the  use  of  the  units  adopted,  in  employing  diagram- 
matic illustrations  instead  of  pictorial  representations  of  elaborate 
apparatus  and  in  other  respects.  It  is  compactly  printed,  so  that 
the  large  amount  of  matter  included  is  emoraced  in  900  pages ; 
the  reader  could  wish,  however,  that  a  little  less  compression  had 
been  used  by  the  printer  at  some  points,  for  the  printing  of  analyt- 
ical expressions  in  the  body  of  the  text  detracts  much  from  their 
clearness,  especially  as  first  presented  to  the  mind  of  the  student. 

The  ultimate  test  of  the  adaptability  of  a  text  book  to  the  pur- 
poses of  general  instruction  must  always  be  its  actual  use  in  the 
class-room,  and  it  is  to  be  hoped  that  this  new  Physics  may  here 
meet  with  the  success  which  the  author's  careful  labor  makes  it 
merit. 

II.    Geology  and  Mineralogy. 

1.  Geological  Survey  of  Texas^  3d  Annual  Report  for  1891, 
E.  T.  DuMBLE  State  Geologist.  410  pp.  8vo,  with  maps  and 
plates. — ^This  volume,  after  the  general  Report  of  the  State  Geolr 
ogist,  contains  papers  on  Houston  Co.,  and  on  a  section  from 
Terrell  to  Sabine  Pass,  by  W.  Kennedy  ;  on  the  Llano  Estacado 
with  a  geological  map  and  notes  on  the  geology  of  the  country 
west  of  the  Plain,  by  W.  F.  Cummings  ;  on  the  friassic  in  north- 
western Texas,  by  N.  L.  Drake  ;  on  shells  of  a  northern  char- 
acter in  a  dry  salt  lake  near  Eddy,  New  Mexico,  by  V.  Sterki  ; 
on  the  Cretaceous  of  Texas,  north  of  the  Colorado  River,  by  J. 
A.  Tapf  ;  on  Trans-Pecos  Texas,  by  W.  H.  Von  Steeruwitz. 
On  the  map  of  the  Llano  Estacado  the  general  surface  is  made 
Tertiary,  on  the  basis  of  the  fossil  Vertebrates  found  in  surface 
deposits.  In  the  southern  part  of  the  Plain  there  are  Cretaceous 
beds,  and  beneath  these  and  along  a  largo  part  of  its  border, 
Triassic  beds,  as  described  by  Mr.  Drake.  The  Vertebrate 
fossils  of  the  Llano  Estacado,  here  described  by  Prof.  Cope  (and 
also  in  the  Proceedings  of  the  Amer.  Phil.  Soc.  1892,  p.  128), 
ocenr  in  Crosby  County,  in  a  white  diatomaceous  deposit,  the 
so-called  Blanco  beds.  They  are  species  of  JEquus^  Mastodoji^ 
Creccoides  (a  new  genus  of  birds),  and  Testudo  :  Equus  simpli- 
cidens  Cope,  Mastodon  august idens  (or  a  related  species),  Crec- 
coides Osborni  Cope,  and  Testudo  turgida  Cope.  The  Blanco 
beds  are  regarded  as  older  than  the  Equus  beds  and  newer  than 
the  Loup  Fork,  the  latter  containing  Mastodon  angiistidefis  but 
no  species  of  Equus,  The  specimens  described  for  the  Survey  by 
Professor  Cope  were  collected  by  Mr.  Cummins. 

2.  Geological  Survey  of  Alabamay  by  E.  A.  Smith,  State 
Geologist.     Bulletin  No.  3,  On  the  lower  gold  belt  of  Alabama 
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by  William  B.  Fhillips.  98  pp.  Bvo,  with  a  map.  1893.— Tbe  golJ 
bolt  ilcucribuJ  uucurs  in  the  counties  of  Cbillon,  Coosa  atid  Talla- 
poosa. 

3.  Annual  Report  tif  the  ArkariBos  Geological  Survr.;/  fur 
1893,  vol.  i.  152  pp.  8vo. — This  volume  consists  of  a  report  on 
tbe  Iron  Oree  of  Arkansas  by  Dr.  R  A.  F.  rexfioste. 

4.  On  the  Osteology  of  AtSbrol/ieriuni,  a  Contribution  to  (Ai 
PMioffenj/  of  the  Tylfipoda,  74  pp.  Svo,  with  3  plates:  Om  (/« 
Otttoloffy  of  MtJiohippxit  and  Lefttoaieri/r,  with  Obaenatioru  on 
the  moilt  and  factors  of  Evolutiou  in  Ike  Mammalia.  1U4  pp. 
8vo,  with  2  plates;  by  W.  B.  Scott,  College  of  N«w  Jerwv, 
Princeton,  Fi'oin  tho  Journal  of  Morphology,  v,  Nob.  I  and  3, 
Boston,  IHHl. — Tht'Ho  papers  nre  the  tifst  and  seootid  parts  of  a 
Memoir  bearing  on  ijueetiona  in  mammalian  evolittiou.  Tlie 
oateologioal  character  of  I'oi'brotberium,  Mcsobippiis  and  Leplo- 
raoryx  are  presented  in  detail  after  a  thorough  siuiiy  of  the  largt 
collection  Bl  Princeton,  and  made  tbe  bnBis  of  comparisons  between 
them  and  the  near  and  more  diatunlly  related  species  in  and  nfinr 
the  snocessional  lines  severally  of  the  Cams],  Horse  and  Tragu- 
lus.  The  specimens  in  the  Museum  iticlude  a  nearly  complet<'skel<- 
toii  of  Poibrolheritini  litbiatum  of  Cope,  from  the  White  Rivtr 
bods,  a  restoration  of  which  is  given,  and  also  numerous  bonn 
illuKirattng  the  other  genera.  From  his  critical  study.  Prof.  Scott 
draws  conclusions  as  tn  tbe  changes  which  took  place  in  the  coun«  , 
of  development,  and  ihence  deduces  principles  an  to  "  ibe  modci  < 
«nd  factors  in  the  evoiiuion."  His  method  is  tJie  only  Ti%h\  one,  ' 
and  it  is  used  with  great  caution  and  excellent  judgmenL  Th« 
closing  part  of  bis  chapter  on  Evolution  lakes  up  the  question  a 
U)  fitftori :  and  in  the  inlroilucirny  remarks  he  expresses  hi=  liis- 
sent  from  Weissmaun'.s  theory  of  the  continuity  of  the  germ- 
pla^m,  and  says  that  in  his  opinion  "ao  far  from  rendering  the 
phenomena  of  heredity  more  intelligible,  it  tends  to  confuse  them 
still  further,  and  to  end  logically  in  a  system  very  like  the  old 
preformntionism.  As  Lloyd  Morgan  has  very  pithily  put  it,  'I 
cannot  but  regard  Weissmann's  doctrine  of  the  continuity  of 
germ-plasm  as  a  distinctly  retrograde  step.  His  germ-plasm  is 
ail  unknowable,  invisible,  hypothetical  entity,  material  ihangb  il 
be,  it  is  of  no  nunc  practical  value  tliaii  a  mystcrions  and  mythi- 
cal gt'rminal  princiiile.'"  Prof.  Scott  in  summing  up  the  results  of 
his  exaniinatir.il  says,  that  il  is  clearly  seen  "  that  transformation. 
wbeiher  in  ihe  way  of  the  addition  of  new  parts,  or  the  reduction 

of  tbrise  .ilready  ]irrsciit,  acts  just  u« /l' the  direct  action  of  the 
envii'onnu'nt  ami  the  habits  ol  the  animal  were  the  efficient  canse 
of  the  change,  and  any  e.iplaiiation  which  excludes  the  direel 
action  of  sueli  iigeiicies  is  confronted  by  the  difficulty  of  an 
imnu-n''e  iiuiuber  of  the  inowt  striking  coincidences.'' 

5.  On  I'iilixofipis  <f  C/'ii/pole.~A  paper  by  Mr,  Claypoleonbis 
genus  J'ulmuipis  was  read  before  the  Geological  Society  of  Lon- 
don on  the  2:,'nd  uf  .luue.  In  it  he  "describes  two  specimeus 
from  the  Onondaga  group  (referred  to  the  Lower  Ludlow),  whicli 
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indicate  the  existence  of  a  ventral  plate.  The  fossil  which  he 
described  as  P.  bitruncata  is  maintained  to  be  the  Scaphaspid 
plate  of  P.  Americana,'^'*  The  genus  is  compared  with  other 
Fteraspid  genera,  and  a  restoration  in  accordance  with  his  con- 
elusions  is  given. — Aun,  Mag,  Nat.  Histy  Oct.  1892,  334. 

6.  Devonian  fossils  from  the  Islands  and  vicinity  of  Lakes 
Manitoba  and  Winnepegosis,  by  J.  F.  Whitkaves,  Canada 
Geological  Survey. — Mr.  Whiteaves  enumerates  and  describes  a 
large  number  of  Devonian  fossils  from  North-Central  America 
and  illustrates  them  with  many  lithographic  plates.  The  species 
are  in  part  identical  with  those  of  the  L  nited  States.  But  a  con- 
siderable number  are  new;  and  they  are  of  unusual  interest  also 
**  on  account  of  the  close  relations  brought  out  in  many  respects 
between  the  fauna  of  these  rocks  and  that  of  the  Devonian  rocks 
of  Europe."  The  collections  were  made  by  Mr.  Tyrrell  and  the 
author  of  the  papers,  and  the  localities  arc  laid  down  on  Mr. 
Tyrrell's  "geological  map  of  Northwestern  Manitoba,  and  por- 
tions of  the  districts  of  Assiniboia  and  Saskatchewan,"  recently 
published  by  the  Canadian  Survey. 

7.  J.  P.  Iddings:  "7%«  Eruptive  Rocks  of  Electric  Peak 
and  Sepulchre  Mt,^  Yellowstone  Nat.  Park.'''*  Annual  Report 
JJ.  S.  Geolog.  Survey ^  Vol,  XII. — The  writer  presents  the  result 
of  bis  studies  on  groups  of  igneous  rocks  occurring  in  the  north- 
west comer  of  the  Park.  At  Electric  Peak  occurs  a  stock  of 
diorite  accompanied  by  a  great  number  of  dikes  and  of  sheets 
extensively  intruded  into  Cretaceous  strata.  These  rocks  are 
described  in  considerable  petrographical  detail  with  tables  of 
variation  in  structure  and  in  chemical  and  miueralogical  composi- 
tion. From  this  it  is  shown  that  the  variations  in  all  directions 
are  most  gradual  and  transitional  and  that  it  is  impossible  to  dis- 
tinguish sharply  differentiated  tvpes.  The  rocks  of  Sepulchre 
Mountain,  a  series  of  andesitic  dikes  cutting  breccias,  are  treated 
with  like  results  and  the  relationship  of  the  two  occurrences 
shown.  Then  follows  a  discussion  of  the  bearing  of  the  observed 
facts  on  theoretical  petrography:  the  writer  establishes  that  the 
same  magma  under  differing  physical  conditions  produce  rocks 
mineralogically  different.  In  conclusion  the  subject  of  classiiica- 
tion  is  touched  upon  and  the  writer  expresses  himself  in  favor  of 
a  system  based  on  crystalline  structure.  The  paper  is  ably 
written  and  a  most  important  contribution  to  petrographical 
literature.  l.  v.  p. 

8.  A.  Sauer  :  {Mittheilungen  der  Grossh,  Badischen  Landesan- 
stcUt.  II.  Bd.) — In  a  petrographical  and  geological  study  of 
"The  Granite  of  Durbach "  the  author  describes  a  peculiar 
syenite  of  lamprophyric  character  which  surrounds  the  granite 
as  an  outer  zone  and  to  which  he  gives  the  name  of  Durbachite. 
Particularly  interesting  are  the  author's  researches  on  the  chem- 
ical composition  of  the  hornblende  of  this  syenite.  This  obtained 
in  a  state  of  great  purity  and  freshness  yielded  2'72  per  cent  of 
water  by  the  Sipdcz-Ludwig  method,  although  over  the  blastlamp 
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and  lieatiDg  to  inoi)>ieDt  while  heat  only  1*63  per  ceut  ooald  be 
ubtaiiieil,  regard  being  iiaid  to  the  oxidation  of  ilm  ferrous  iroD 
present.  The  water  being  considered  as  basic  the  .  analysis 
showed  Ihe  mineral  composed  of  a  mixture  of  RSiO,  and  R,SiO, 
silicates  and  as  a  result  of  hia  work  the  writer  iir^es  that  more 
ftttcDtion  should  be  paid  to  the  delermi nation  of  water  iii  bom- 
blende  analyses,  since  small  fjuaniities  esttaping  determination 
may  cause  great  differences  in  the  molecular  formulte,  on  accoaut 
of  Its  low  molecular  weight.  l.  t.  p. 

9.  Danalite  from  Cornwall. — ^The  occurrence  of  the  rare  min- 
eral danalite  at  Redruth,  Cornwall,  has  been  recently  described 
by  Miers  and  Prior  {Min.  Ma^.,  vol,  x,  p.  10).  The  only  speci- 
men thus  far  known  was  obtained  in  1864  ;  il  shows  a  group  of 
large  reddish  cryiitals  of  letrahedral  aiipeot  which  were  formerly 
supposed  to  be  pseudomorpbs  of  garnet  after  letrahedrite.  The 
daualitc  is  associated  witb  quartz,  small  crystals  of  arsenopyrite 
and  sphalerite.  The  hardness  of  translucent  crystalline  fni|- 
mentM  of  a  columbine-red  color  is  5'fi  ;  the  specific  gravity  is 
3-350.  An  analysis  gave  the  results  in  1,  while  a  new  analysis  of 
the  Sch  warden  berg  helvite  gave  the  numbers  in  2 ;  from  the 
latter  a  little  tluonte  has  been  deducted.' 

BiO,       FeO       UuO      ZnO      BoO      OsO.      S 

1.      19-48       RT-G3       l|-b3       iSl        1417        tr.       SM  =  103-62 

3.    33-33        4'4i      44-43         ..        14'91       ..       G-03       A],0,    Otl  =  102-91 

A  new  occurrence  of  danalit*  from  Colorado  is  described  wttl)    ' 
analysis  by  Oenth  and  Penfield  on  p.  3B5  of  this  number. 

10.  Mineral  Hfsonrcej'  of  tht  United  States,  Calendar  yean 
18(^)1.  ISOO.  David  T.  Hay,  Kdilor,  G71  pp.  Washiniilon,  1x92 
(U.  S.  Geol.  Survey,  T.  W.  Powell,  Director).— The  seVenth  vol- 
ume of  this  valnable  Nerief<  has  recently  been  issued  and  like  it» 
pi-cdccesMors  gives  a  earefnl  review  by  competent  writers  of  the 
mineral  industries  of  this  country  ;  the  period  embmced  by  tlir 
report  covers  the  years  1880  and  )890.  It  is  announced  that  tbp 
volnme  for  lt*01  is  also  well  under  way. 


T.,nfcr;l'>,:  :/ il:  i-h->:n,.j..>l„r  r,rjU..,.~\  short  p.npc-r  on 
I'  ti-ni|icr:Uin\'  "i  \\w  ("ir(uni|iol;ir  r<-;;ions,  i>v  .lulcs  (Tirard, 
111-  "iili  :\  mn|i.  iv  r.inhiimd  in  llie  liulletin  of  the  Soci.Hc  A-t 
■iigriiiililv  ol  l':ni>,  lor  ill.'  L'lid  li-iinosler  ot  IHIIJ.  Il  isi  hased 
til..  Iiii..ni:ilio,ial  ob^crvalions  dmi.i-  the  vear  August  1S*-J 
Aiigu>l  IsfH,  :u,d  Uic  rf|,..n,^  luniislied  by  the  expeditioni^. 
icre'wi-n-  1-''  slutioii-  .iccupiid  by  the  scvenil  nalioiis— Ute 
litcd  Slates,  Kii^'Iiiiid,  (ieniiiinv,  i)enmark,  Austri.i,  Swedt-Q. 
jrway,   Holhm.l    and    Kiissi^— which   look   part  in  the  obsom- 
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•An  Experimental  Comparison  of  Form'ulcB  for 
Madiation    between    15     V,   anct   110^    C\  /     by 


Abt.  LV. — 
Total 
W.   LeConte  Stevens. 


The  earliest  attempt  to  express  the  rate  of  cooling  of  a 
heated  body  was  that  made  by  Newton  and  embodied  in  a 
simple  formula,  which  states  that  this  rate  is  directly  propor- 
tional to  the  difference  of  temperature  between  the  radiating 
body  and  the  medium  surrounding  it.  It  has  lon^  been  known 
that  this  law  is  only  approximately  true  when  these  tempera- 
ture-differences are  small,  and  that  it  is  wholly  inapplicable 
when  they  are  large. 

During  the  early  part  of  the  present  century  an  elaborate 
research  on  the  measurement  of  temperature  and  the  com- 
munication of  heat  was  made  by  Dulong  and  Petit.*  Such 
instruments  as  the  thermopile,  the  bolometer,  and  the  galva- 
nometer had  not  yet  been  invented!  Their  method  was  to 
employ  as  radiating  body  a  large  thermometer  whose  bulb  con- 
tained more  than  a  kilogram  of  mercury.  This  was  placed  with- 
in an  envelope  which  was  kept  at  constant  temperature  and  made 
nearly  vacuous  as  quickly  as  possible  after  the  introduction  of 
the  heated  bulb.  The  rate  of  cooling  was  found  to  be  a  func- 
tion of  the  temperature  of  the  envelope,  the  latter  being  kept 
constant  during  any  given  experiment,  but  varied  for  different 
experiments.  For  a  given  difference  of  temperature  between 
the  bulb  and  its  enclosure  it  was  found  that  the  rate  of  radia- 
tion increases  very  nearly  in  geometrical  progression  while 
that  of  the  enclosure  increases  in  arithmetical  progression.     If 

*  Aonalea  de  Chimie  et  de  Physique,  vol.  vii,  1817. 
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5  reprt^eent  tlic  quantity  of  heat  radiated  in  unit  of  time,  0tbe 
temperature  of  tlie  enclnsure,  t  the  execHS  of  terapenitnre  of 
ttte  radiating  body  ovor  that  of  the  enctoanre,  a  a  conetutt 
whose  value  they  determined  to  be  1*0077,  and  m  aiiothercon- 
etant  whose  value  depends  on  the  natun;  uf  tho  sabstance  and 
the  Condition  of  its  eurface,  the  law  of  Dulotig  and  Petit  is 
expressed  by  the  formula 

8  =  „>(«)V-I)  W 

In  order  to  coniparo  this  formnin  with  others  presently  toh« 
given,  it  will  be  best  to  exiirt^ss  ft  «iid  f  in  terms  of  ausoiote 
temperature.  Letting  T  otand  for  the  absolute  temperatoK 
of  tlie  beatod   body,  and  T,  that  of  the  enclosure,  we  hare 

6  =  T,— 273,  and  t  =  T— T,.     The  formula  now  liecomes 

S  =  ti.(I  007T)T''-n*(i-o077T-T'-l)  (2) 

The  range  through  which  the  valne  of  T— T,  waa  pariwiiii 
tlieso  experiments  wn»  240°  0 ,  while  (he  temperature  of  the 
eticloiiure  was  varied  fi-om  il°  to  60°  C 

Subsequent  investigators  have  tested  the  formula  of  Dulonn 
and  Pctii,  and  have  found  that  although  it  may  seem  to  cor- 
respond uenrly  to  the  truth  within  the  limits  selected,  itgivee 
very  erroneous  results  at  higher  tempemtures,  the  radiation 
revealed  by  measurement  being  much  less  than  that  which  is 
o&loalated  by  loeaae  of  the  formula.  De  la  Provoetaye  and 
Dosttins  tested  it  with  thermometers  whose  bulbs  were  covered 
with  a  plating  of  metal,  and  found  that  under  this  condition 
tho  factor,  w,  variei^  with  tlit^  temperature.*  Draper.  Tyiiflall. 
and  Ericrshon  have  puhli^hed  reseaivlies  which  showed  the 
insufficiency  of  Dnhnig  and  I'etit's  formula.  This  formula 
may  therefore  be  eimsidercd  now  as  of  only  historic  interest. 

In  an  cxhanstive  cumparison  of  the  work  done  by  these 
pliy.-ieist.s,  Profcsi-or  Stefan,  of  Vienna,  proposed  a  formula 
whicli.  like  tiiose  tiiat  preceded  it.  is  empirical,  but  which  cor- 
rcsporids  nincli  more  nearly  to  tlie  results  iif  inoatiureinent 
than  docs  tliat  of  l>uloni:  and  Petit.+  He  found  that  the 
amount  of  heat  emitted  in  unit  of  time  was  proportional  to 
the  fmirtli  ]iowcr  <ii  the  absolute  tcnipcr.-iture  :  or,  in  the  mita 
tion  already  eiiiplityed, 

Since  there  i^  ;i!i  excluiiige  uf  lieat  between  the  radiating'  lK«i>' 
and  tiie  surruundiiiir  medium,  the  effective  radiation  is 


Tiiis  is  ohyiously  rcduciiile  to  the  form 

t  Sil/iii)i:-l.i.ritlLiL.  ilLT  K.  Ak.ulo'lilio  ikT  Wisstnsclmfton,   Wiei 
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S  =  ^T;(i-.  - 1)  (4) 


rhis  formnla  has  the  advantage  of  great  simplicity  and  ease  of 
application. 

Almost  simultaneously  with  the  publication  of  Stefan's 
paper  in  Vienna  appeared  an  experimental  research  on  the 
temperature  of  the  sun,  by  M.  F.  Rosetti,  of  Padua.*  Rosetti 
employed  the  thermopile  and  galvanometer  for  measuring 
the  radiation  from  a  Leslie  cube  covered  with  lamp-black 
and  filled  with  water,  which  was  stirred  in  order  to  secure 
uniformity.  For  temperatures  between  100°  and  300"  mer- 
cury was  substituted  for  water.  In  the  liquid  were  immersed 
the  bulbs  of  two  thermometers  whose  reaaings  gave  the  mean 
temperature  at  any  selected  moment.  For  still  higher  temper- 
atures a  copper  ball  was  heated  to  redness,  then  exposed  at  a 
fixed  distance  in  front  of  the  thermopile  long  enough  to  pro- 
duce a  galvanometer  deflection,  and  immediately  afterward 
thrown  into  a  calorimeter.  The  specific  heat  of  copper  being 
known,  it  becomes  possible  to  compute  the  temperature  of  the 
ball  at  the  moment  of  its  immersion  in  the  water.  From 
these  and  other  experiments  Rosetti  was  led  to  adopt  the 
empirical  formula, 

S  =  aT^{T-TJ-^(T-T,)  (5) 

Here  a  and  b  are  two  constants  whose  values  for  the  particu- 
lar instruments  he  employed  were  determined  to  be  a  = 
0-OOOOO335131,  and  J  =  00636853.  Rosetti  considered  the 
first  term  of  his  formula  to  represent  the  heating  effect  if  the 
body  were  radiating  in  a  vacuum,  and  the  second  term  to  rep- 
resent the  radiation  of  the  air  in  which  the  body  is  immereed. 
Comparing  this  with  Newton's  formula, 

S=a(T-T,), 

it  is  seen  that  while  Newton  regarded  the  emissive  power,  a, 
as  independent  of  temperature,  Kosetti  regarded  it  as  propor- 
tional to  the  square  of  the  absolute  temperature. 

The  accordance  between  the  results  of  experiment  and  of 
calculation  by  means  of  this  formula,  as  published  by  Rosetti, 
are  quite  remarkable,  though  the  experiments  seem  liable  to 
some  criticism.  Any  assumptions  regarding  the  uniformity  of 
temperature  in  a  Leslie  cube  are  subject  to  challenge,  if  the 
^ater  be  not  kept  boiling.  The  calculations  of  temperature 
from  calorimetric  measurements  is  usually  affected  with  a  large 
probable  error.  For  temperatures  higher  than  those  employed 
n  calorimetry  Rosetti  used  small  disks  of  metal  which  were 
f'endered  incandescent  in  the  hottest  flames  at  his  command, 

*  Annales  de  Cklmieet  de  Physique,  V,  vol.  xvii,  1879. 


434  IT,  LeVonte  Stevens — Keperimental  ^^1 

and  their  radiation  while  tbns  glowing  was  meaeiired  by  iiteuiE 
of  the  thermopile.  Finding  Am  fonnulu  apparently  Hatisfac- 
lory,  hi!  EUisiiiiicd  it  to  lie  applicable  to  yet  higher  t«ui|>erature«. 
Expfwiiin  \m  thuruiopilti  to  the  mm  and  comparing  tiie  detlwi- 
tion  thi»  obtained  with  Umt  jfivoii  by  a  liudy  of  known  t4>m|it'r- 
ature  aiid  area,  nt  a  known  dietancu,  the  temperature  of  the 
sou  was  computed  to  be  about  10,000°  0.  The  work  dont  bj 
Rosetti  wae  valuable;  but  hia  formula,  involving  two  nnde- 
termined  comttants  which  vary  with  every  thermouietric  iustra- 
ment  einploved,  may  be  comidercd,  like  that  of  Dulongand 
Fetit,  ait  of  little  more  thau  liistaric  iDt«rust 

lu  1888  an  important  commtinication  reKsrding  the  radiation 
of  solid  bodies  wiia  given  to  the  Borliii  Academy  of  Seienew 
by  Professor  H.  F.  Weber,  of  Zurich.*  He  had  been  en^raged 
in  an  extended  invcAtigxtion  of  incandescent  electric  lamps  for 
the  purpose  of  tinding,  if  possible,  a  general  formula  for  tlie 
rolatiun  exietiug  between  the  quantity  of  light  emitted,  the 
area  of  the  raamliiig  Gnrface.  the  quality  of  the  suhstaniTc 
raiaei)  to  incandeacenec,  and  the  amount  of  electric  energy 
ezpended.  Among  the  reeulta  attained  watt  the  establishment 
of  a  formula  expreesiitg  the  relation  between  the  intensity  of 
any  selected  homogeneous  mdiutiuti,  thv  corresponding  vave 
length,  the  temperature,  and  the  quality  of  the  radiating  sub- 
stance. Ad  indisjienBabie  factor  in  the  determination  of  tiiis 
formula  was  the  previous  admirable  work,  of  Langley  on  radia- 
tion from  the  sun  and  various  terrestrial  sources,  expressed  in 
an  energy  curve  which  is  now  familiar  to  all  physicists.  From 
the  stiiily  of  this  energy  curve  iuid  of  all  other  pulili.'lid 
results  thiit  were  accessible,  as  well  hs  his  own  experiiiienls. 
Weber  obtiiiiicd  the  following  formula: 


Here  7' tleriiitcs  the  absiihite  temperrtture  of  the  radiatinir 
bcidy,  expressed  in  degrees  centigrade,  X  the  wave  length  of 
the  h(inu)g(^nt'<ius  radiation  considered.  /■'  the  area  of  the 
ratliatinj;  Mirfaci'  in  s,|iiari;  centimeters,  -■  the  base  of  thi' 
Naperian  systi-ni  .if  io-iarilliTiis,  and  s  the  aiiinmit  of  cmTirT 
ra.|iatL-d  by  the  budy  in  nil  directions  in  unit  .if  time.  TliV 
constant. -\  depL-iids  nil  the  nature  of  the  radiiiting  surface:  it 
is  the  '■emission  eniLst.int."  The  constant //' depends  also  on 
the  nature  of  tlu'  radiating  budy.  Its  tueau  value,  as  deter- 
niiiu'd   ir.irn  a  large   nnmlier  of  experirnents  has  been  foumi 

to    ll.  ; 

Ir  =  OH)tix  111-' 

•  S[liu]ii:<iiL.rii'liU>  diT  K.  Ak;t'leink-  tli-r  WieMonsohaften,  Berlio,  26  Juli.  K*'- 
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To  determine  the  value  of  the  constant  a,  experiments  were 
made  upon  a  variety  of  solid  conductors,  including  carbon, 
platinum,  iron,  and  copper,  raised  to  incandescence.  For  each 
of  these  the  same  value  was  found, 

a  =  0-0043 

If  it  be  desired  to  find  the  total  radiation,  rather  than  that 
of  a  single  wave-lenffth,  the  equation  just  given  must  be  inte- 
grated l^tween  the  limits  ^  =  0  and  ^  =  oc .  "We  have  then 
for  the  total  radiation,  S, 


=/ 


S=/  adX 

The  result  of  the  integration  is 

_  aT 

S  =  ^n^n  cbFe    T 

Or,  letting  0  represent  the  total  emission  constant,  iTry';:  cb,  we 
have 

aT 

S  =  CF6    T 

If  the  radiating  body  be  surrounded  by  another  body  whose 
constant  absolute  temperature  we  may  call  T^,  there  is  mutual 
radiation  between  the  two,  and  the  resultant  radiation  of  the 
first  becomes 

aT  oTo 

S  =  CF6    T-CFe     T. 
This  is  obviously  reducible  to  the  form 

aTo^  /T     a(T-To) 


S  =  CFe      T 


/T     a{T-To)        \ 


Here  the  quantity  outside  of  the  parenthesis  is  made  up  of 
constants,  and  the  variation  of  S  is  dependent  only  on  T. 
For  purposes  of  comparison  tlierefore  we  may  employ  only 
what  is  found  within  the  parenthesis. 

This  formula  has  been  tested  by  applying  it  to  the  results  of 
experiments  already  published  by  Sehleiermacher,  Graetz,  and 
Magnus  in  Germany,  Bottomley  and  Tyndall  in  England, 
Vimie,  Garbe,  Becquerel  and  Mouton  in  France,  and  Langley 
and  Nichols  in  America.  A  part  of  these  results  were  in- 
cluded in  the  communication  to  which  reference  has  already 
been  made. 

In  testing  Stefan's  formula*  Sehleiermacher  measured  the 
loss  of  energy  sustained  ii%  unit  of  time  by  a  platinum  wire, 
heated  to  a  given  temperature  within  a  good  vacuum  by  means 
of  the  electric  current  and  surrounded  by  an  envelope  kept  at 

*  Wiedemann's  Annalen,  xxvi,  p.  287. 
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a  lower  fixed  temperature.  The  temperature  of  the  wire  was 
dedoced  trom  the  variation  In  its  resistance.  The  result  was 
to  «how  that  for  low  temperatarus  Stefan's  fonimlA  givw 
reBuUs  that  arc  too  great,  aiid  for  high  tecnperntnres  th«r  are 
too  fimall.  The  application  of  Weher'e  formnla  to  Sch]eie^ 
macher's  data  ^fields  reeiilts  that  are  more  cooeietont 

The  foliowing  experiments  Jmve  been  made  with  a  view  to 
comparing  the  funniiliis  of  Dnlong  and  Petit,  Roiietti,  Stefan 
and  Weber  in  their  application  to  temperatures  hut  little 
removed  from  that  of  the  atmosphere,  nut  employing  tlie 
Indirect  method  of  SchlfieriuAcher,  but  measurtng  teuipcn- 
tnres  directlj  with  the  thermometer  and  radiation  with  the 
thermopile. 

The  radiating  body  was  a  metallic  disk  instead  of  the  Leslie 
cube.  A  hole  was  drilled  into  it,  parallel  to  one  of  its  Hal 
etirfarjee  and  extending  nearly  to  the  penter.  This  was  for  the 
i-eception  of  a  thermometer.  Tiie  diflk  oould  therefore  U 
raised  to  any  desired  temperature  within  the  range  of  the  tht-r- 
momcter,  and  its  temperature  be  noted  at  any  nmrneDt  while 
it  was  cooling.  One  face  waa  kept  always  scrupulously  ciean 
and  smooth  so  as  to  pi'event  variations  in  emissive  power.  This 
face  was  tnnied  toward  a  thermopile  at  a  fixed  distance  from 
it.  The  thermopile  was  enclosed  in  a  double  walled  box  of 
sheet  braw  for  tue  purpueo  of  preventing  draughts  and  other 
disturbanoee  that  might  aSect  its  temperature.  Through  tlie 
cover  of  this  box  u  delicate  thermometer  whs  passed,  so  that 
its  biilh  re.sted  jlinost  in  contiict  with  the  ihormopile.  Varia- 
tions of  ti'iiiperjitiire  within  the  box  were  thns  measurable  I<j 
within  a  hiiiulrecith  of  1°  C.  In  the  end  "f  the  box  turned 
toward  the  disk  wjis  a  eiieiiUir  openinir,  7""  in  diameter,  pro- 
vided with  a  donblc-wallwl  a.ljustablc'hrnps  cover.  This  was 
coiiti'olk-d  bv  iiic;iiiii  of  a  string  tK)  that  the  tliennopile  could 
bo  exposi'd  to  radiation  for  a  brief  interval  ami  then  shut  off 
from  this  The  thL'niioi>i!e  was  connected  with  a  very  delicate 
mirror  gulvanoiiictor  of  low  resistance,  and  all  readings  were 
taken  liv  rnuans  of  tclescopi'  iind  sciile.  The  sensitiveness  of 
this  C'dvariuiiietcr  was  t.^strd  from  time  to  time  bv  puttiinr't 
in  I'in-uit  with  a  siandani  Clark  cl-1!  ami  a  ri-.^istanee  of  Tl','""' 
olnn>.  Arnun.l  rhv  sii-pi-ndcd  disk.  <-cci  pt  on  the  side  ti.waril 
th,>  therm. i|,il,..  double  brass  ^civeiis  were  jilaced.  and  a  st-redi 
al>o  abnv,-  til,.  .|.a,v  boiwoen  it  and  the  Im.x.  Disturbing  iiir 
ennvTits  were  tints  avoided,  not  eompletoly.  but  as  far  as  puv 
sible.      The    uutiro    ap|iaratus   was    in  a  basement  room  whuse 

A  tinTinonu'lcr,  liiniir  nut-idi'  uf  the  bniss  screens,  pcnniltfil 
«'n(ii|i:n-i-on  luTWffTi  till'  tfiiiiHTalure  of  the  room  and  thai 
within  the  liux  containing,'  tiie  thcnnopile. 
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Before  beginning  any  one  series  of  observations,  readings 
ere  taken  from  each  of  the  three  thermometers.  These  had 
•  course  been  previously  compared  and  found  reliable,  so 
At  the  correction  for  diflEerence  between  them  was  very 
oall.  The  disk  had  been  hanging  in  position  for  some  hours, 
it  on  exposure  the  thermopile  always  indicated  a  slight  dif- 
rence  of  temperature  between  itself  and  the  disk,  amount- 
g  to  one  or  more  scale  divisions.  This  deflection  was 
corded,  to  be  used  as  a  correction  to  subsequent  readings. 
he  disk  was  then  removed,  heated  up  to  a  given  temperature 

excess  of  any  to  be  measured,  and  hung  again  in  position, 
fter  a  few  minutes  its  temperature  was  noted,  the  thermopile 
:posed  long  enough  only  to  produce  a  throw  of  the  galva- 
)meter  needle,  the  temperature  of  the  disk  immediately 
^in  noted,  and  also  the  temperature  of  the  thermopile  as 
dicated  by  the  thermometer  in  the  box.  This  ])rocednre 
as  repeated  at  intervals  of  two  minutes  during  one  or  two 
mrs,  m  which  the  disk  became  cooled  down  to  a  temperature 
ffering  bi>t  little  from  that  of  the  room. 
The  arrangement  of  apparatus  and  the  procedure  just  de- 
ribed  was  that  finally  adopted  after  many  days  had  been 
»ent  and  many  hundreds  of  observations  taken  which  had 
iled  to  yield  satisfactory  results.  With  the  utmost  care  it  is 
ipossible  to  exclude  air  currents  from  the  disk,  and  hence 
regularities  in  its  radiation.  The  same  remark  would  apply 
[oally  to  the  Leslie  cube,  with  the  additional  consideration 
at  convection  currents  within  the  cube  during  its  cooling 
ould  be  very  hard  to  control,  even  with  assiduous  stirring, 
t  each  exposure  of  the  thermopile  the  air  around  it  becomes 
armed  slightly  by  the  disk,  and  it  cannot  be  assumed  that  the 
mperature  of  the  room  is  that  of  the  thermopile  after  the 
TBt  few  exposures  have  been  made.  By  enclosing  the  instru- 
ent  in  a  box,  this  warm  air,  it  is  true,  is  prevented  from 
^ing  away  ;  but  this  disadvantage  is  much  more  than  offset 
'  the  possibility  of  measuring  and  recording  the  increase  of 
mperature,  for  which  a  curve  of  corrections  is  afterward 
ade. 

To  continue  any  one  series  of  observations  until  the  differ- 
ce  of  temperature  between  disk  and  thermopile  vanishes  is 
iviously  impossible.  Even  when  this  difference  amounts  to 
veral  degrees  di8turl)ances  are  apt  to  produce  such  irregu- 
rities  in  the  indications  of  the  thermopile  as  to  introduce 
rious  error.  By  artificially  cooling  the  disk  until  it  seemed 
indicate  the  same  temperature  as  the  box  it  was  found  that 
icontroUable  errors  were  introduced.     It  was  best  therefore 

allow  the  cooling  by  radiation  to  continue  until  a  tempera- 
re-difference  of   5°   or   10°  remained,  recording  the  corre- 


^ 
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sponding  deflections  at  the  iisaal  intervals.  To  find  oat  whut 
would  be  tlie  residual  deflection,  if  this  temperature-difference 
aa  indicated  by  the  therm o meters  were  reduced  to  zero,  advan- 
tage is  taken  of  the  fact  that  for  Guch  email  differences  the 
curve  ex|)re8fiing  the  radiation  is  approximately  a  straight  line. 
Taking  therefore  the  recorded  email  temperature-diiferencee 
as  absciseaa  ^ind  the  corresponding  deflections  as  nrdinates,  a 
Btraight  line  is  drawn  through  the  points  thus  found.  Pro- 
longing the  line  in  a  negative  direction  until  it  cuts  the  axis 
of  ordinates,  the  distance  of  the  point  of  intersection  above 
or  below  the  origin  gives  the  correction  to  Iw  applied  to  these 
final  readings.  The  correction  to  the  initial  readings  having 
been  taken  before  heating  the  disk,  and  the  slight  variation  of 
temperature  in  the  box  having  been  recorded,  we  have  tiie 
means  of  constructing  at  least  an  approximate  curve  of  eo^ 
rectious  for  all  intermediate  readings. 

It  is  scarcely  necessarv  to  add  that  all  thermometer  readina 
were  corrected  for  the  uifference  of  temperature  between  bulb 
and  tube,  and  that  all  scale  readings  were  reduced  to  tliote 
which  would  have  applied  to  a  oircular  arc. 

The  disk  employed  in  the  majority  of  the  experiments  wis 
made  of  iron,  though  a  number  of  meaeurements  were  initde 
alw)  with  one  of  Copper  of  the  same  dimensions.  The  diatanrc 
from  diak  to  thermopile  was  kept  constant  for  each  single  aeriet 
of  observations,  but  this  distance  was  varied  frota  30'"  to 
40™'  according  to  necessity,  and  the  sensibility  of  the  galvu- 
ometer  likewise  varied,  for  different  ranges  of  fall  of  tempera- 
ture. The  superior  conductivity  of  copper  ensures  quicker 
equalization  of  temperature  throughout  the  disk  of  this  mttal, 
but  that  of  iron  is  amply  sufficient,  while  its  higher  coefficient 
of  emission  makes  the  experiments  less  tedions  and  less  subjecl 
to  error  than  when  a  disk  of  copper  is  employed.  The  disk  con- 
stitutes a  short  cylinder  whose  radius  is  ;•  =  7-3'™  and  whoee 
length  is  2  ^  =  14""  <ir  the  distinee  from  center  to  flat  surfaM 
of  the  cvliiiiler  is  !  =  i.\~t"'\  It  can  be  shown*  that  if  a  llier- 
monietci'hiilli  he  phiccii  williirj  snch  a  cylinder  of  heated  iron ai 
its  Cfiitrr,  ;iiLii  if  ii  U-  A»-\\\w\  that  a  brief  interval  of  time,  Micb 
as  one  iiiiiiuli.-,  Ii;i.-  L'liiptcd,  then  iR-twci-n  tl...  :■.^^^y.■r  r.f  ibc 
disk  ami  tin'  rji'iiri-rtt  piiint  on  its  face,  at  ^i  ■'•■-■■  >  7  "  the 

ahsolule  tenipciTiture  does  not  vary  ingrr  i  ■!"  itjylf. 

or  Q-Oii  of  1  pur  ecnt;  also  tliat  the  iciii]>iiM' kiv  milLTL'ae* 
between  center  and  eirciimffroncc  of  the  Hut  sin-f^ice.  an  inter 
val  of  l--\"';  dofs  not  exceed  0-IS  of  1  per  cent.  It  is  safe  to 
assiilKC  therefore  that  no  error  hi  great  as  the  necessary  urrors 
of  observation  can  be  introduced  by  accepting  the  temperatnrfl 

•  I,P5tures  of  H,  F.  Wt-litr  on  (lip  Tlip-iry  nf  CvliudF^r  Fund  ions  anii  llipirappfr 
catimi  to  the  Problems  (if  f  Iitsics 
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idicated  by  the  thermometer  as  the  temperature  of  the  radia- 
ing  surface. 

The  method  of  work  and  the  degree  of  acenracy  attained 
lay  now  be  further  illustrated  by  tabulating  some  of  the 
esults. 

Tables  I  and  II  exhibit  two  independent  series  of  measure- 
lents,  on  a  fall  of  temperature  through  40®  C,  the  initial  tem- 
leratnres  being  approximately  60®  C.  as  shown.  For  con- 
enienee  the  tables  are  arranged  in  the  order  of  the  intervals  of 
ime  included  in  each,  rather  than  in  that  of  increasing  tem- 
•erature-difference  which  would  on  some  accounts  be  prefer- 
ble.  The  measurements  were  on  the  radiation  of  the  iron 
isk.  For  the  series  indicated  by  Table  I  the  initial  deflection 
btained  before  heating  the  disk  was  <Jj=  +0  3  scale  division. 
?he  disk  was  then  heated  up  to  a  temperature  a  little  in  excess 
f  60°  and  hung  in  position.  While  it  cooled  down  to  21®'6  a 
eries  of  57  observations  were  made  at  intervals  of  two 
linutes.  The  residual  correction  was  then  found  to  be 
,=  —2*0  scale  divisions.  The  sensitiveness  of  the  galvanome- 
Br  remained  unchanged  during  the  114  minutes  of  work,  while 
de  temperature  within  the  box  was  raised  from  16®*  16  to 
6®*72.  For  the  purpose  of  tabulation  the  absolute  tempera- 
ares,  time  intervals,  and  corresponding  galvanometer  deflec- 
ions  were  obtained  by  interpolation  for  intervals  of  5°  in  suc- 
Bseion,  after  all  necessary  corrections  had  been  applied  to  the 
Bcorded  readings.  The  horizontal  column  H  gives  tne  hour  and 
linnte  at  which  the  record  thus  obtained  should  have  been 
lade.  Column  T  gives  the  absolute  temperatures  of  the 
isk,  T,  those  of  the  thermopile,  and  T  —  T^  the  temperature 
iflferences.  Column  E  gives  the  experimentaf  result  in  radia- 
ion,  as  obtained  in  scale  divisions  of  deflection.     Column  W 

ives  the  numbers  for  ( ^p  e^  "     —  1 V  which   is  the   factor 

ivolving  the  variable,  T,  in    Weber's   formula.      Column    S 

ives  the  numbers  for  (^4—  1  i,  involvinsr  the  same  variable 


(t;-0'^ 


[i  Stefan's  formula.  Each  number  thus  obtained  by  formula 
5  then  divided  by  the  corresponding  values  of  E  in  the  same 
ertical  column  obtained  by  experiment.  Tlie  quotients  are 
rranged  in  the  horizontal  colunms  W  -=-  E  and  S  -r-  E  respec- 
ively,  and  multiplied  by  a  power  of  10  for  the  purpose  of 
voiding  inconvenient  decimals.  This  has  no  influence  since 
•ar  object  is  only  that  of  comparison.  If  a  formula  be  cor- 
ect,  and  if  the  measurements  be  free  from  error,  the  numbers 
ontained  in  the  corresponding  horizontal  column  of  quotients 
hould  be  identical.     If  they  progressively  increase  or  decrease 
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through  tlie  series,  this  shows  that  the  formula  erives  rcsolu 
that  are  progreaai  vel y  ton  higli  or  too  low,  an  the  case  may  be. 
The  explanation  just  given  applies  equally  to  Tables  II,  IH 
aiid  IV,  the  hist  two  of  which  represent  a  fall  of  temperature 
through  80°. 
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It'  now  f;u.-h  nru-  uf  t.jiu  scrit's  of  imnihtjrs  m  oohuun  W  ^  Y. 
or  S  -h  E  111.-  (liviilcil  liv  iho  iinMiii  of  the  scries  the  fuecp-;?!"' 
.|iinliciu.  will  ,lilT,T  lii'it.  link'  from  iniity.  The  fcnvspiui-imi' 
hui-lKuiitiil  milLiriiii  uf  i-i.'.snlr.s  wl'  iiiuy  eaU  the  cohitiiiL  of  iJevia- 
lioiip.  If  thitiiiiiiiliorfiin  thisoohimii  be  represented  by  a  curve, 
with  teiiij)i;ratiu-e-ilil!E«reiice6  for  iihseissas,  this  curve  should  ff 
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very  nearly  a  straight  line  parallel  to  the  axis  of  abscissas.  It 
will  be  most  convenient  to  arrange  such  a  series  therefore  in 
the  order  of  increasing  temperature-differences,  which  is  the 
reverse  of  that  in  the  tables  just  given.  Any  irregularities  in 
the  curve  must  be  due  to  the  errors  of  experiment,  and  partly 
to  the  fact  that  logarithmic  results  are  only  approximations. 
Table  V  is  made  up  of  the  deviation  columns  from  five  inde- 
pendent series  of  observations  ranging  through  40°,  to  which 
Weber's  formula  has  been  applied.  Table  VI  contains  the 
application  of  Stefan's  formula  to  the  same  series. 

Table  VII  shows  Weber's  formula,  and  Table  VIII  Stefan's 
formula,  applied  to  six  independent  series  of  observations 
ranging  through  80°.  In  each  case  the  mean  of  each  vertical 
column  is  shown. 
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—Stefan. 
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The  mean  results  of  Tables  VII  and  VIII  are  espr 
grapliically  in  the  ciirvee  of  tig.  \.  Here  it  is  Been 
Wener's  formula  is  expressed  by  a  curve  (WW)  nearly  pa 
to  the  axis  of  abscissas,  but  witii  slight  irrpgularitiea,  as  4 
h&  exnected  in  any  representation  of  experimental  reeultll 
no  prtint  is  the  deviation  so  great  as  0'5  of  i  per  cent,  86 
formula  is  expresaed  by  a  curve  (SS)  which  is  plainly  oh 
to  the  axis  of  abscissas,  the  greatest  deviation  being  more 
U  per  cent.  These  experiments  therefore  contirni  the  r 
otherwise  attained  by  Sclileiermaober.  indicating  tliat  for 

fei-atures  but  little  above  that  of  the  atmosphere  Ste 
orniuta  gives  a  rate  of  increase  of  radiation  that  is  too  r 
wbik'  Weber's  formula  coincides  very  closely  with  the  re 
yield(id  by  expenment. 

Fig.  1. 


It  nijiy  be  of  Konio  interest  in  thi^  eonnuction  to  exhibit 
a}>plication  of  thesi-  funnLihis  In  a  widur  rani»e  of  teiniwr: 
(litTtTence.  For  tlii>  piTrpii^e  the  constants  of  each  fori 
h;ivo  been  iK'tennineii  fmni  the  data  contained  in  the  t. 
just  jj;iveM  ;  thosonf  RnsettiV  forniiihi  Iwingobtained  by  int 
lit'  !<;ii>t  ^iiuui'cs.  In  tig.  -1,  the  abscissas  represent  tL'in]K'ri^ 
dilhTfiK-es  from  0°  to  bOli"  (,'..  the  turn perat ure  of  the  the 
jjile  being  taken  as  17°  (1,  which  was  the  meantemperatui 
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room  in  which  the  measurements  were  made.  The  ordi- 
«  are  to  be  read  in  units  of  deflection  on  a  scale  snch  as 
employed  in  the  galvanometer  readings  representing 
ant  energy.  For  temperature-differences  less  than  100° 
le  curves  are  nearly  coincident.  For  high  temperatures 
Fan's  formula  gives  results  that  are  higher  than  those  of 
ber^s  formula ;  but  the  rate  of  increase  bv  Weber's  formula 
ws  more  rapidly,  and  for  a  temperature  difference  of  about 
®,  about  that  of  red  heat,  the  two  curves  cross  each  other, 

Fig.  2. 


50000 


45000 


40000 


S5000 


30000 


96000 


20000 


15000 


10000 


5000 


0 


100    200800400600000700800 

Curves  of  radiation  for  temperatures  from  I7°to817'*0. 

D.  Curve  for  formula  of  Dulong  and  Petit. 
W.     "       "        "        '*    Weber. 
S.       "       "         "        "    Stefan. 
R.      "       '*         "        *'    Rosetti. 

,  from  this  point  on,  the  indications  of  Stefan's  formula 
)me  lower  than  those  of  Weber's  formula.  In  this  connec- 
we  may  again  refer  to  the  experiments  of  Schleiermacher, 
►,  by  estimating  change  of  temperature  through  variation  of 
trical  resistance,  found  the  indications  of  Stefan's  formula 
•6  less  than  the  results  obtained  by  experiment.  The  curve 
losetti's  formula  gives  a  rate  of  increase  in  radiation  that  is 
Qt  as  much  too  low  as  that  of  Dulong  and  Petit  is  too  high. 


I 
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Aet.  LVI. — .\f>hv  on  .Silver;  by  M.  Oarei'  Lea. 


Actioji  of  Ammonia, — Aqueous  ammonia  is  BQpjKised  to  be 
without  action  on  normiil  uilvur  but  this  is  not  so :  nnder  favor- 
able conditionB,  gilvor  is  gradnully  taken  up  liv  this  solvent. 

The  first  experiments  were  made  with  sifver  reduced  from 
tlio  nitratu  by  tne  action  of  Bodiiim  hydroxide  and  milk  sugar. 
The  silver  wiis  very  carefully  purified  from  any  possible  trace 
of  oxide.  PliLced  in  contact  with  nmmoniii  for  a  few  hour^ 
Bilver  was  taken  un.  Its  presence  could  he  reoognized  cither 
bv  ammonium  sulphide  or  by  adding  a  drop  or  two  of  hydiw- 
cfiloric  acid  and  then  supersaturating  with  dilute  sulphuric  acid; 
a  dense  cloud  of  silver  chloride  forms  and  this  result  can  be 
obtained  any  number  of  times  in  succession  by  acting  with 
ammonia  on  tbe  siunc  portion  of  silver. 

A  siiiiiJAr  reaction  was  obtained  with  silver  reduced  from 
chloride  by  oadnuuin  and  hydrochloric  acid  removing  afterwardi 
all  traces  of  cadmium.  Silver  reduced  in  this  way  is  liable  to 
contain  traces  of  chloride.  These  were  removed  by  covering 
the  silver  with  strong  ammonia,  letting  it  stand  over  night  una 
thoroughly  washing  out.  This  was  repeated  five  times.  From 
this  silver,  ammonia  by  tweutv-four  hours  contact  always  to<A 
np  enough  to  give  a  dense  white  cloud  when  treated  as  abova 

Portions  of  solutions  obtaiued  in  the  last  mentioned  manner 
were  evaporated  to  dryness  over  the  water  bath  and  left  brown- 
isli  liliick  fibiis.  These  were  non-explosive  and  therefore  did 
not  consi^it  of  silveramine  :  they  yielded  a  large  proportion  of 
silver  lu  acetic  acici.  leaving  behind  a  little  metallic  silver. 
The  ;iinJii.iriia  tlierofori-,  does  not  dissolve  the  silver  as  metal 
but  aw  nxitle.  The  presence  of  a  little  metallic  silver  in  the 
TLwidue  left  by  evaporation  was  probably  due  to  slight  tracfsof 
o.xidiible  orj^anic  matter  contained  in  the  ammonia.  This  opin- 
ion was  c-oiifirini'd  by  the  fact  that  the  solution  when  heated 
acq\ii]'r(i  a  tnuispareiit  red  color. 

It  a|>|ifars  tlii-n'fore  tliat  in  the  presence  of  ammonia,  silver 
has  a  U'u.]vury  U>  .>x\-\Wa:  for  when  the  silver  was  placed  in  a 
vial  with  an  air-tii^lit  fittiii;,'  stopper,  filling  it  about  half  full, 
and  was  then  eumpletely  tilled  witii  liipiid  .imiiionia  and  tiglitly 
closed.  it  was  found  that  in  twentv-foiir  hours  a  mere  trace  of 
silver  was  taken  up,  ( )u  tin;  otiier  lian.l  when  the  silver  wa? 
placed  in  a  tiat  basin  and  merely  moistened  with  amiuotiis 
niori'  silver  was  taken  up  in  five  minutes  than  in  tbe  precedini' 
case  in  twenty  fnur  hours. 

Tills  action  of  ammonia  in  pronmting  oxidation  recalls  its 
behavior  with  cobaltous  salts  and  with  copper.     It  is  probaliiv 
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only  case  in  which  silver  is  oxidized  (at  ordinary  tempera^ 
5)  by  atmospheric  oxygen. 

ction  of  Dilute  Sulphuric  Acid, — It  is  generally  held  that 
T  is  insoluble  in  cold  dilute  sulphuric  acid.  Almost  any 
I  of  silver,  providing  it  is  finely  divided,  is  slightly  soluble 
ulphuric  acid  diluted  with  four  or  five  times  its  bulk  of 
a*.     With  more  dilute  acid  different  varieties  of  silver  act 

differently.  The  most  easily  attacked  is  that  which  is 
ined  by  reducing  the  oxide  with  alkaline  hydroxide  and 
:  sugar ;  from  this  a  distinct  trace  is  dissolved  by  sulphuric 

diluted  with  100  times  its  bulk  of  water.  From  silver 
eed  from  the  chloride  by  cadmium  this  very  dilute  acid 
s  up  nothing. 

^itric  acid,  sp.  gr.  1*40,  diluted  to  ten  volumes  and  allowed 
and  for  an  hour  with  finely  divided  silver,  took  up  an  ex- 
lely  faint  trace. 

hydrochloric  acid,  sp.  gr.  1*20,  was  totally  witliout  action, 
silver  after  being  well  boiled  with  water  to  remove  every 
3  of  acid,  dissolves  completely  in  nitric  acid. 
cetic  acid  has  no  action  upon  metallic  silver. 

Various  Reactions  of  Normal  Silver, 

ormal  metallic  silver  even  in  a  state  of  very  tine  division 

not  abstract  the  slightest  trace  of  nitric  acid  from  perfectly 
ral  cupric  nitrate  obtained  by  acting  on  pure  cupric  sul- 
;e  with  barium  nitrate.  After  fifteen  hours  of  contact  not 
ice  of  silver  had  been  dissolved. 

ut  silver  easily  reduces  cupric  chloride  with  formation  of 
)le  photochloride.  If  the  copper  salt  is  present  in  slight 
ss  the  silver  is  so  thoroughly  acted  upon  that  nitric  acid 

not  extract  a  trace  of  it  from  the  purple  photochloride. 
Metallic  mercury  instantly  reduces  silver  nitrate  but  metallic 
IT  takes  chlorine  from  corrosive  sublimate.     The  preci pi- 
contains  calomel  and  blackens  with  ammonia. 
Iver  in  tine  division  slowly  reduces  a  neutral  solution  of 
ssinm  permanganate. 

Iver  nitrate,  as  is  well  known,  is  reduced  by  ferrous  sul- 
e,  or  ammonia  ferrous  sulphate,  the  iron  at  the  same  time 
•mine:  peroxidized  and  the  silver  assuming  the  gray  metallic 
1.     On  the  other  hand  silver  powder  rapidly  reduces  a  nen- 

solution  of  ferric  sulphate.  A  solution  of  iron  alum 
ily  dissolves  metallic  silver  without  the  aid  of  heat;*  in  a 

seconds  the  solution  strikes  a  blue  color  with  potassium 

he  statement  in  the  new  Encyclopedio  Chimique  that  heat  is  required  and 
be  metal  separates  again  on  cooling  (Tome  iii,  eahier  15,  p.  248)  appears  to 
x)rrect. 


446  M.  Carey  Lea — JVotcs  on  Silver  CMoridet.  ^| 

ferricyanide  and  if  the  iron  alnm  is  in  oxceeM  tlie  whole  of  tiie 
silver  is  dissolved.  It  liaH  been  Uoforo  noticed  that  thi;  nac- 
tioiiB  between  silver  salts  on  tho  odh  Imnd  and  iron  ealte  on  the 
other  are  to  ^me  extent  reversible,  the  observations  just 
described  plae«  the  matter  in  a  somewijat  clearer  light.  With 
a  view  of  ascertaining  whether  ferrous  enlphate  coald  he  com- 
pletely oxidized  hy  argentic  oxide  a  portion  of  the  ferrous  Boln- 
tioD  wae  treated  with  BUCcesBive  portions  of  the  oxide  nntil  the 
latter  was  no  longer  affected  by  it.  But  when  this  stage  was 
reached  the  eolation  no  longer  Aontained  a  trace  of  iron,  llie 
whole  of  it  had  entered  into  combination  with  the  silver. 
This  combination  ia  perfectly  black  and  may  probably  have  con- 
sisted of  the  coin|x>und  described  by  H.  Rose,  as  Ag.O,  2FeO 
FeCi,  and  obtained  in  the  name  wav. 

When  ammonia  iron  alum  is  placed  in  contact  with  finely 
divided  silver  in  considerable  excess  in  a  tightly  dosed  vial 
the  solution  after  a  few  days  standing  with  frequent  sbakiag 
acqnires  a  deep  rod  color.  This  may  last  for  a  week  or  more. 
The  solution  then  dt-colorizes  and  l>ecornc9  greenish  but  etill 
contains  abundance  of  ferric  salt.  Thus  it  appears  that  although 
silver  lias  a  powerful  reducing  netJon  on  ferric  salts  the  actlou 
is  self-limited  and  ceases  long  before  complete  reduction  is 
effected  for  after  many  weeks  contact  in  a  closed  vial  there  are 
abundant  indications  of  the  presence  of  ferric  salt,  aUhoi 
silver  has  been  present  in  I&i^  excess. 
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Art.  'LVW.—  Notexon  Sih-er  Cldoridea ;  by  M.  Carey  Le.v. 

Exi'KKiMENTS  made  by  J.  J.  Acworth*  at  the  suggestion  of 
E.  Wieleinan  showed  that  by  heating  silver  chloride  to  a  lem- 
peratiu-e  of  220°  C.  it  ]>iisses  into  a  nioditicatiun  that  wae 
nisunsitivc  to  light. 

I  tliiTik  this  ciiange  may  be  due  to  the  complete  driving  off 
iif  luui.-tnrc.  Ahncy  showed  by  a  well-known  experiment  that 
silver  elilnridc  wlifu  ex|K>sed  ]>erfectly  drv  in  vacuo  in  a  gl»» 
tiihf  wa>  lotally  lumtl^^ected  hy  light,  hut  1  have  shown  "tlial 
fiiseil  sihiM-  cliiiiriik'  'mured  into  ])etroleuni  and  placed  in  tiit 
>uii-lii:lit  withnut  removing  it  from  the  licinid,  was  instaiitlv 
.hrkene.l. 

T!n;.-e  tlii-ee  experiments  taken  together  lead  to  the  following 
coiielnsiiuis: 

I.  l^ilver  chloride  dry  and  perfectly  isolated  is  insensitive  to 
li^'lit.      iAliiiey's  experiment.) 

♦  Wid,  Refinile,  1800,  p.  518. 
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2.  The  presence  of  atmospheric  air  does  not  restore  the 
sensitiveness,  if  the  silver  chloride  has  been  absolately  dehy- 
drated at  220®  C.     (Acworth's  experiment.) 

3.  The  presence  of  oxygen  is  not  necessary  or  important  for 
the  darkening  of  silver  chloride.  The  presence  of  moisture  is 
not  essential ;  its  place  may  be  taken  by  another  sabstance 
capable  of  taking  up  chlorine.  This  follows  from  my  experi- 
ment above  mentioned. 

There  is  no  doubt  that  silver  chloride  retains  the  last  portion 
of  water  with  great  obstinacy.  1  have  frequently  tried  to  dry 
silver  chloride  m  hot  air  so  that  it  should  lose  nothing  further 
by  fusion,  but  never  quite  succeeded.  There  is  always  a  loss 
which  may  be  roughly  taken  at  a  half  a  milligram  and  from 
thence  upwards  to  nearly  one  milligram,  in  a  gram.  When 
the  water  is  thoroughly  driven  off  it  is  probable  that  the  sil- 
ver chloride  is  left  in  an  insensitive  condition.  Acworth's 
experiments  seem  to  show  this. 

So  long  as  moisture  is  present  the  molecule  of  silver  chloride 
easily  breaks  up,  not  merely  by  the  action  of  light  but  by  the 
application  of  any  form  of  energy.  The  part  played  by 
moisture  in  chlorine  reactions  is  somewhat  remarkable.  ^  It  has 
been  lately  stated  that  absolutely  dry  chlorine  has  no  action 
upon  copper  foil.  As  soon  as  a  trace  of  moisture  is  introduced, 
energetic  action  sets  in. 


Art.  LVIII. — A  remarkalle  Fauna  at  the  Base  of  the  Bur- 
lington Limestone  in  Northeastern  Missouri  ;*  by  Charles 
RoLLiN  Keyes. 

In  the  description  of  a  certain  gasteropod  (Porcellia  nodosa 
Hall),  in  the  third  volume  of  the  Illinois  Geological  Surveyf 
occurs  the  following  paragraph,  in  connection  with  the 
assigned  horizon  and  locality  :  "  Lower  Carboniferous  ;  Barry, 
Pike  county,  Illinois ;  from  a  peculiar  cherty,  calcareous  band 
at  the  base  of  the  Burlington  limestone,  formerly  supposed  to 
belong  to  that  rock,  but  now  known  to  contain  fossils  charac- 
terizing the  oolitic  upper  bed  of  the  Kinderhook  group,  at 
Burlington,  Iowa." 

This  allusion  though  merely  incidental  is  the  only  direct 
one  ever  known  to  be  made  to  the  particular  beds  now  under 
KK>n8ideration. 

*  Published  by  permission  of  Mr.  Arthur  Winslow,  Director  of  the  Geological 
Sarvey  of  Missouri,  from  work  prosecuted  during  the  years  1891-92. 
f  Geol.  Surv.  Illinois,  vol.  iii,  p.  459.   (1868). 

Am.  Jour.  Sci. — Third  Series,  Vol.  XLIV,  No.  264. — December,  1892. 
30 


448  C.  R.  Keye^—Fa-una  at  the  Base  of  the 

At  Lonisiana,  in  Pike  Conntv,  Miesoari,  which  ia  separated 
from  Pike  County,  lilinois.  only  by  the  Mississippi  River,  the 
"white  chert"  beds  are  mticn  bettor  developed  tbao  any 
where  else  in  the  re^uD,  It  is  from  the  Missouri  locality  that 
the  recent  collections  huve  been  made.  Here  the  Burlington 
liniestono  is  well  ex}>oseiJ  iu  the  hilltops,  where  exteDsive 
quarries  have  been  opened. 

For  more  than  70  miles,  from  above  Qniney  to  below 
Louisiauit,  the  Burlington  limestone  forms  an  almost  coDtin- 
ntiiis  mnral  eHcarpmeut  capuintr  the  hish  bluSa  on  eilhergide 
of  the  MiwiKsippi  Hiver.  These  blum  rise  to  a  hei|rht  of 
from  800  to  40U  feet  above  the  water  level.  In  many  plscea 
they  form  bold,  ovfrhnnging  vliils,  with  a  heavy  talus  at  the 
baw!. 

A  vertical  section  of  the  rocks  at  Louisiana  is  a&  follows : 


16.  Brown  aiul  white,  compact,  encrinital  limestone, 

thinly  bi'ilded,  with  some  thert   76 

\fi.  Wliite,  eucrinital  limesLone,  very  heavily  bedded,  13 

14.  Coarse-grained,  encrinital  limestone,  with  irregti- 

n  .       lar  chLTt  bands 80 

1-S.  Very  lieavily  bedded,  white  encrinital  limestone, 
with  a  pfcniiar  white  cheit  in  nodnles  and 
irregnlar  bands _ ._.  II 

15.  Brown,  encrinital  limestone,  compact  and  heavily 

bedded,  somewhat  earthy  iu  places IS 

11.  Onmpact,  fine-grained,  huff  iimeslune,  with  few 

ur  no  partings 15 

10.  Sandy    shales,    brownish,    forming   Bolt,    friable 

sandstone  locally 13 

9.  GreL'uinh,  chiyey  shales  __ _ _ 70 

8.  Thiii-liedded,    compact   limestone,     fine  grained, 

with  ronchoidul  fracture,  in  layei-s  4  to  6  inches 

in  ihiclincss,  like  lithographic  atone  in  texture 

mid  appearance 50 

7.  Sandy  claysliale,  _ 3  inches. 

.  _  6.  Drab  or  greenish  clayey  shak' _ -l 

S,   Bl;n:k,  fissilr  d;iy-^h!lk' - 4 

4.    Hull',  n!:igiii'si!in  limestone,  very  heavily  bedded.    10 

:i.  ('onipdfl.  while  oolite -" ___     5 

2,   Blue  c!;iy-:'!i!ilc,  will)  ihiii  bands  of  impure  liino- 

stiine  rieh  in  ffwsils   -__ BO 

1.  Heavily  liedilcd  limestone,  exposed o 

Niiniber  1  in  tho  Tronton  limestone ;  2  the  Hudson  Kiver 
shales,  '■'■  imd  4  prolwhly  rciircscnt  the  Niagara  limestone ;  the 
tirst  iiiiTcaniriy  r;i|>ic|ly  in  thii^kiicss  southward  and  in  a  dis^ 
t;uice   uf  ■_'(*   iiiilfs  1'e.idieE  ii  vci'tieal  measurement  of  30  to  40 
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feet.  5  and  6  are  probably  Devonian,  equivalent  to  the 
'*  black  shale  "  of  adjoining  States.  Number  7  is  a  thin  seam 
3  to  4  inches  in  thickness  and  highly  fossiliferous.  With  few 
exceptions  the  ^*  Lithographic "  fossils  come  from  this  layer. 
[t  probably  belongs  more  properly  with  beds  5  to  6.  Appar- 
sotly  the  oi^nic  remains  are  nearly  all  identical  with  forms 
from  the  Elamilton  rocks  farther  northward.  Should  the 
anion  of  this  thin,  highly  fossiliferous  seam  to  the  underlying 
shales  be  more  in  liarmony  with  the  real  relation  of  the  faunas 
of  the  respective  beds,  as  now  seems  likely,  than  with  the 
faanas  above,  it  would  remove  to  a  great  extent  the  present 
Devonian  facies  from  the  Lithographic  (Louisiana)  limestone. 
3  is  the  Louisiana  limestone,  a  compact  rather  thinly  bedded 
Pock,  breaking  with  a  conchoidal  fracture.  It  is  very  poor  in 
fofisils.  Numhers  9  and  10  are  the  Hannibal  shales.  11,  the 
[/houteau  limestone,  with  a  few  fossils.  Number  12  is  the 
Burlington  limestone  with  the  characteristic  basal  fauna  of 
he  Burlington.  13  is  also  the  lower  Burlington,  carrying  con- 
iderable  chert  and  containing  the  most  prolific  fauna  in  the 
ection.  14, 15  and  16  belong  to  the  Burlington  limestone  ;  the 
ipper  portion  containing  the  typical  fauna  distinctive  of  the 
ipper  division. 

From  Quincy  southward  the  strata  rise  very  gradually, 
mtil  the  Burlington  limestone,  which  appears  a  lew  yards 
bove  the  water  level  at  that  place,  has  an  elevation  of  more 
hail  250  feet  above  the  river,  at  Louisiana.  Below  the  lime- 
tone  as  will  be  seen  from  reference  to  the  section,  the  beds 
re  principally  soft  shales,  which  are  eroded  much  faster  than 
he  great  thickness  of  heavy,  compact  lime-rock  overlying, 
ligh  hills  with  precipitous  slopes  are  formed.  These  are 
apped  by  the  more  indurated  layers,  rising  in  almost  vertical 
rails  from  about  midway  up  the  elevations.  In  consequence 
tf  this,  a  peculiar  and  very  striking  phase  of  topography  is 
produced,  reminding  one  very  forcibly  of  the  topographical 
ffects  in  a  great  driftless  area  of  northeastern  Iowa  and  the 
dioining  States. 

North  of  Quincy,  as  already  stated,  the  Burlington  rock 
lips  below  the  water  level  of  the  Mississippi  and  does  not 
ppear  again  until  just  above  Ft.  Madison,  in  Iowa,  while  at 
he  city  of  Burlington  the  base  of  the  limestone  is  nearly  100 
eet  above  low  water-mark.  At  this  place  the  organic  remains 
lave  received  more  attention  than  anywhere  else,  while  the 
ertical  ranges  of  the  different  species  have  been  determined 
rith  great  accuracy.  From  this  locality,  also,  the  extensive 
annas  of  the  Kinderhook  were  first  made  known,  and  many 
pecies  described. 

A  third  of  a  century  has  passed  since  the  investigations  of 
lall,  White,  and  Winchell  brought  to  light  so  many  interest- 


460 


a  ti.  Kajn- 


't  lit  the  Base  of  the 


1 

wthe 
rfaosk 


ing  forms  which  cLaracterizo  tlio  beds  immediately  below 
Burlington  limestone      At   Dnrlinjiton,   ton,   tlie  Kinderhook 
and  Burlington  formatioDB  are  ebarply  contrasted  lithulo^calh: 
while  fannally  the  two  horizous  arc  cqaally  well  defined. 

Passing  goutliward  one  hundred  mite^,  to  Louisiana,  Sfii^- 
sonri,  the  *anie  lithological  and  famial  fdaturts  are  found  asal 
Burlington.  Theee  cnaracters  are  shown  for  50  miles  aloug 
the  grent  river  in  this  vicinity. 

In  the  lower  bed  of  the  Burlington  limestone  (Number  1! 
of  the  section)  k  foiiud  the  lypicid  and  well  marked  ba«a]  fiiina 
of  this  formation.  Many  of  the  epecies,  however,  bivea 
somewhat  greater  vertical  range  than  at  the  Iowa  localities. 

Among  the  misBt  charaetonBtic  species  of  Cnnoids  to  bl 
mentioned  utxi ; 

Orophocriniis  ntfMiformia  (Owen  &  Siiumard). 

rrwroM,.,iH,  „>.■!..  ({)w<..n  ,!b  Shiimard). 
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fossils  are  almost  impossible  to  dislodge.  The  layers  of  this 
I  contain  also  considerable  amounts  of  chert  in  small  nodules 
i  nodular  bands.  When  first  exposed  in  quarrying  these 
jrts  are  very  compact,  translucent,  and  breaking  with  a  con- 
>idal  fracture.  Upon  exposure  to  the  weather  these  flints 
ickly  slacken  like  quick-lime  to  a  fine  intensely  white  powder, 
examined  before  the  process  of  disintegration  has  proceded 
re  than  half  way  the  white  nodules  are  found  to  be  charged 
h,  fossils,  which  when  taken  out  cannot  be  told  from  plaster- 
paris  casts.  Before  affected  by  the  atmospheric  agencies, 
7  or  no  traces  of  organic  remains  can  be  detected  in  the  cherts. 
t  they  actually  contain  a  very  extensive  assemblage  of  fos- 
; ;  and  in  a  perfect  state  of  preservation  when  collected  at 
)  right  time.  They  afford  unusual  opportunities  for  both 
actural  and  systematic  studies;  for  many  of  the  features 
nmonly  not  met  with  are  here  found  beautifully  preserved ; 
ih  as  the  internal  characters  of  crinoids  and  bracliiopods,  and 
)  delicate  ornamentation  in  nearly  all  groups. 
[Jpon  careful  comparison  of  the  fossils  in  the  cherts  and  in 
}  surrounding  limestones,  so  far  as  is  possible  in  the  latter, 
J  fossils  are  found  to  be  identical  to  a  great  extent.  More- 
jr,  numerous  shells  and  crinoids  are  found  partly  embedded 
the  chert  and  partly  in  the  limestone,  with  a  sharp  line  of 
►aration,  showing  clearly  that  the  siliceous  impregnation  had 
m  acquired  long  after  the  original  deposition  of  the  beds, 
1  was  not  due  to  a  greater  silicitv  of  waters  in  which  the 
eareous  deposits  were  made.  This  is  in  accordance  with 
jervations  made  elsewhere  in  the  Burlington  limestone  of 
ler  localities. 

The  faunal  aspects  of  the  bed  in  question  (number  13  of  the 
tion)  are  particularly  interesting.  Some  of  the  more  com- 
»n  as  well  as  more  important  species  are  enumerated  below ; 

Lingula  melie  Hall. 

Discina  Newberry i  Hall. 

Terebratula  Mowleyi  Worthen. 

Productus  arcuatus  Hall. 

Productus  kevicostus  White. 

Productella  Shumardiana  (Hall). 

Rhynchojietla  Missourlensis  Shurnard. 

Spirifera  pecuUaria  Shumard. 

Strophomena  rhomboidaUs  var. 

Allorisma  Hannibcdensis  Shuraard. 

Edmondla  nuptiatis  Winchell. 

Edmondia  BurUngto7iensi8  White  &  Whitfield. 

Conochardhim  sp,? 

Lithophagus  occidentalis  (White  &  Whitfield.) 

Aviculopecten  circulus  Shumard. 
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J'hanerotlnua  paradoxus  Wincholl. 

Ca}ta[u» paraliua  {White  »!fc  Whiifipld). 

Cupalu^  formaiua  (Keyoa). 

Pi>TCtUia  noilo»u»  Hall, 

Loauinema  prolixa  Whiu  &  Whitfield. 

J^axonema  »p.? 

l^hgroiloma  peiifftitM  (WiTicUcll). 

Plnurotomaria  »p.t 

Solopeii.  aubi:oni<-a  WinclniU. 

Sf}ircAuiouia  ip.f 

Bellerophon  bUabiatua  White  A  Whitfii-Id. 

StraparoUus  nim/wu  (Wiiho  &  Wliilfielti). 

SlraparoUiia  htxus  /  (Whin?). 

(hnphalotrochua  Sprinffvallenais  (Wliitc). 
The  forms  in  the  accompanying  iiet  are  all  Bpecies  which 
characterize  the  Kinderhook  of  Biirlingtoc,  Iowa ;  moat  ot 
them  being  orighially  described  from  that  place.  In  addition 
many  more  species  of  lamellibriincha,  brachiopods  and  pat-tero- 
pods  occurring  very  abondaotly  at  the  latter  locality  are  fonnd 
m  the  white  chert  of  Louisiana  along  with  a  few  of  the  Bur- 
lington limestone  species, 
ft  IS  to  be  noted  that : 

(1)  The  fauna  of  this  horizon  is  predominantly  molhiecan, 
representing  a  marked  contrast  with  that  of  the  typical  Bnr- 
lington  limestone,  which  is  prevailingly  crinoidal,  with  some 
brnchiopodal  forms. 

(2)  The  fanna  is  the  typical  one  of  the  Kinderhook  beds. 

(3)  There  is  niingk'd  with  this  fauna  some  of  the  formf 
fi-om  both  above  and  below,  which  iire  thus  associated  with  fhe 
species  rein-escntinj;  the  typical  lower  Hurliiigton  limestone. 

Here,  then,  is  a  well  defined  Kinderhook  fanna  intercalated 
in  the  Burlington  limestone,  with  ])rat:tica!ly  no  change  of 
litlioluijical  chiiraeters ;  a  lower  fauna  suddenly  appeanngin 
the  midst  of  a  higher.  This  is  the  most  marked  instance  of 
the  kind  th;it  is  ;it  present  known  in  t!ie  Carboniferous  of  tbe 
Mississippi  VallL-y.  Though  the  time  separation  is  not  verr 
great,  the  present  uai^e  is  a  strikiiig  illtistration  of  Barrande'f 
celebratud  '■  dni'lriiif  .if  culoni.'s,''  sn  clcarlv  developed  in  thf 
Svstemo  Sihirii'ii  du  Contro  dc  la  Hoht'Oie.*  and  so  abk  d^ 
fende.l  in  liis  "  Dofciis..  dus  Ci.lonios," 

It  is  Tint  to  hf  iiifened,  h.iwever.  that  dnriTig  the  short 
supremacy  <if  the  1i>w).t  fjiiiia  in  midst  of  an  upper  thuie  waf 
a  coniplute  oxtiiiution  uf  the  di-]>nsed  furnis;  but  rather  tltal 
owin^  tn  ]ie(:idiar  iMiiditiuns  the  lower  fauna  merely  ilisplaced 
the  upjiir  toiiipurarilv  ;  or  (m.-hed  it  aside  into  other  diitrictj 
for  thi'  lime  bcim:. 
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IT.  LIX. — Glacial  Pot-holes  in  California;    by   H.   W. 
Turner,  of  the  United  States  Geological  Survey. 

[n  the  cailon  of  the  North  Fork  of  the  Mokelumne  River, 
lifornia,  about  thirty  miles  a  little  west  of  south  from  Lake 
hoe,  and  at  an  elevation  above  sea  level  of  about  4,500  feet. 
El  group  of  pot-holes  in  the  granite.  The  cafion  here  was 
merly  the  bed  of  a  glacier,  as  is  evidenced  by  the  polish  and 
>oving  of  the  rock  and  the  perched  bowlders.  The  rock 
)ut  is  quite  devoid  of  soil.  The  pot-holes  are  from  two  to 
IT  feet  in  diameter  and  some  of  them  are  four  feet  deep, 
e  shape  of  some  of  them  is  nearly  conical,  others  more 
irly  cylindrical.  Most  of  the  pot-holes  are  eroded  vertically, 
t  some  of  them  are  inclined.  A  number  are  quite  shallow, 
:  even  these  are  broad  and  saucer-shaped.  The  granite 
ces  off  in  shells  nearly  parallel  to  its  surface,  and  this  would 
ount  for  the  broad  form  of  the  pot-holes  at  the  commence- 
nt  of  their  formation. 

The  pot-holes  are  about  250  in  number  and  from  six  inches 
six  feet  apart.  They  seldom  or  never  coalesce  and  the 
ularity  of  their  arrangement  is  noticeable.  The  interior  of 
of  the  holes  is  well  rounded  and  smooth,  as  pot-holes  usually 
.  In  some  of  them  are  rounded  fragments  of  rocks ;  others 
filled  with  sand  and  gravel.  They  cover  a  gently  inclined 
face  of  about  two  thousand  square  feet.  To  the  north  is  a 
ciated  bank  of  granite,  and  the  pot-holes  occupy  about  the 
ition  that  would  be  expected  if  formed  by  water  falling 
sr  this  bank.  The  height  of  the  bank  above  the  pot-holes 
ipproximately  forty  feet.  One  pot-hole  exists  in  the  side  of 
3  bank  several  feet  above  its  base. 

The  river  at  the  present  time  runs  at  a  level  of  perhaps 
mty  or  thirty  feet  below  the  lowest  pot-holes.  The  place 
ocally  known  as  Ham's  Salt  Springs.  Salt  water  oozes  out 
m  crevices  in  the  rock  and  collects  in  several  of  the  lower 
-holes.  By  evaporation,  salt  (NaCl)  crystallizes  out  so  that 
i  water  is  usually  covered  with  a  thick  layer  of  very  pretty 
^per-shaped  crystals. 

riie  Indians  are  said  to  have  formerly  congregated  here, 
racted  no  doubt  by  the  salt  springs.  Numerous  small 
ow-heads,  chiefly  of  jasper  and  obsidian,  were  found  by  my 
•ty  a  little  west  of  the  pot-holes.  At  a  point  on  the  bare 
nite  below  the  pot-holes  and  very  near  the  river  are  several 
all  mortar  holes  such  as  are  used  by  the  Indians  to  grind  up 
►ms.  and  which  are  frequently  found  in  bare  rocks  in  the 
rra  Nevada. 


454         //.   jr.  Turner— Glacial.  I'oi-holes  in  Cali/oi 

At  the  time  of  m^  viait  an  old  white  man  named  CftHtun 
was  camped  there  with  Home  Indiana.  lie  ha^  been  living 
with  -the  Indians  ia  thti  neighborhood  of  the  Mokelumne  River 
since  1851.  He  statue  thHt  tbe«e  pot-holes  wore  made  by  the 
Indinii8  for  the  purpose  of  eolk«!(iii}it  the  eiilt  water,  in  order 
to  allow  the  salt  to  crjfltallize  from  it  On  questioning  him  I 
could  not  mtike  ont  that  he  himself  had  known  of  any  suob 
IioIcB  boing  excavated  by  the  Indians.  It  would  not,  howovur, 
be  a  very  difficult  matter  fnr  the  Indians  to  have  made  them. 
If  a  fire  is  built  on  the  granite  it  flakes  off  very  readily,  and 
by  repeating  this  operation  for  some  time  and  using  nteneils 
in  addition,  cavities  could  be  made.  Mr.  W,  Q.  Mafion,  of 
Volcano,  California,  who  guided  mv  parly  to  the  spot,  believe* 
the  pot-holofl  to  be  the  work  of  Indiano. 

plate  IX  represents  a  partial  view  of  the  pot-holes  above 
dcBcribt'd.  The  salt  water  at  present  oozes  out  at  a  point 
which  may  be  lot^ated  in  the  plate  us  about  one-half  inch  from 
the  middle  of  the  left-hand  eide.  It  therefore  nine  only  into 
some  of  the  lower  holes  not  represented  in  the  picture. 

On  a  granite  spur  jitat  south  of  the  pot-holes  and  perhape 
100  foot  vertically  above  them  is  a  little  lake,  partially  filled 
with  flags  and  tules.  It  has  no  ontlot,  but  when  the  water 
is  high  it  can  readily  escape  at  its  we^t  end.  The  water  if 
brackieh.  Some  salt  water  must  therefore  have  a  hi^r 
source  than  that  above  indicated:  and  it  is  possible  that  salt 
water  formerly  flowed  from  crevices  at  points  above  the  pot- 
boles  and  may  have  tilled  more  of  tbem  than  it  docs  at  prewnt. 

The  fact  that  few  or  none  of  the  pot-holes  coalescL'  perhaps 
favors  the  theory  thnt  they  were  made  by  tlie  Indians,  since  in 
nature,  pot-holes  near  one  another  frequently  coalesce.  The 
pot-hole,  above  discrihed,  in  the  side  of  the  granite  bank  is 
evidently  the  work  of  falling  water.  It  seems  most  likely  that 
all  the  iwt-holes  were  formed  hv  the  action  of  water,  probably 
in  some  way  connected  with  the  glacier  that  formerly  tilleu 
the  cafiuu. 

In  this  connection  the  reader  is  referred  to  an  article  bv 
T.  T.  Tidiivi-*  who  dosoribos  some  gliicial  p.it-holcs  near  Coliaj- 
sct  -Mass..  and  ti.  Bin^^ijcr  and  Keus(-li+  who  have  studW 
thn>^e  iif  Norwiiy  wliere  pot-holej^  aiv  niLiiierous, 

It  iri  iiitei'cstiiij;  to  note  that  in  ]S'orway  they  were  at  one 
time  coiir^idcri'd  the  work  of  tlic  giants  r^npposcd  once  to  in- 
!i;iipit  that  region,  and  that  in  America  they  are  aseribcd  to  the 
abcri.'iiial  Iii<liaiis 
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Art.   LX. — The  Lava^  of  Mount  IngaUs^  California;   by 

H.  W.  Turner,  Washington,  D.  C. 

[B7  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

Mount  Ingalls  is  situated  just  south  of  the  fortieth  parallel 
in  Plunnas  county,  California.  It  forms  a  portion  of  the 
eastern  crest  of  tne  Sierra  Nevada.  Its  elevation  is  8,484  feet 
above  sea  level,  ac<;ording  to  the  determinations  of  the  topo- 
graphers of  the  U.  S  Geological  Survey. 

Mount  Ingalls  was  a  center  of  volcanic  activity  during  much 
of  later  Tertiary  time.  The  lavas  which  originated  in  its 
vicinity  form  an  interesting  series.  The  following  rocks  are 
represented : 

I.  Late  basalt^  a  rather  coarse  gray  rock  with  much  pyrox- 
ene and  some  olivine.     It  is  usually  massive. 

II.  Andesite^  containing  both  pyroxene  and  hornblende, 
and  occurring  chiefly  as  a  breccia. 

III.  Older  basalt^  a  dense  black  rock  with  little  olivine,  and 
a  good  deal  of  magnetite.     It  se^ms  always  massive. 

IV.  Rhyolite^  in  very  small  amount. 

The  order  of  succession  is  that  indicated  by  the  Roman 
numerals  with  the  exception  of  rhyolite  (IV.)  As  has  been 
previously  noted*  the  rhyolite  of  the  Sierra  Nevada  underlies 
the  andesites,  but  its  relation  to  the  older  basalt  (HI)  is  un- 
determined. The  rocks  may  be  roughly  characterized  as  fol- 
lows: 

I.  Late  basalt, — This  is  macroscopically  a  coarse  to  medium 
grained  light  gray  rock,  sometimes  pinkish,  with  large  scattered 
olivines.  Under  the  microscope  it  is  seen  to  be  nearly  holocrys- 
talline  and  to  be  composed  of  lath-like  plagioclase,  augite  and 
magnetite,  with  occasional  large  olivines.  One  of  the  slides 
shows  a  hypocrystalline  glassy  base  containing  abundant  grains 
of  magnetite,  with  numerous  phenocrysts  of  plagioclase  and  aug- 
ite, and  a  few  hypersthenes  and  olivines.  In  general,  however, 
very  little  glass  is  to  be  seen. 

The  late  basalt  is  the  most  recent  of  the  lavas  of  this 
portion  of  the  Sierra  Nevada.  It  forms  the  summit  and  nearly 
all  of  the  sides  of  Mount  Ingalls  down  to  and  in  places  below 
the  7,000  foot  contour.  It  rests,  to  a  large  extent,  on  andesitic 
breccia.  Similar  basalt  caps  a  number  of  the  higlier  points  to 
the  south  and  southwest  of  Mount  Ingalls.  Two  of  these  are 
Mount  Jackson  and  Penman  Peak.  There  also  the  basalt  rests 
on  andesite      The  later  basalt  is  almost  everywhere  a  massive 

»  Mohawk  Lake  Beds,  Bull.  Wash.  Phil.  Soa,  vol.  xi,  p.  389. 


456      /7,   W.  Turner— Lavaa  of  Mt.  JnyaiU,  t'nliform 

rock,  but  a  small  amount  of   basal t-breecin   and    scoriac«QUi 

biiettit  forme  two  points  on  the  Butiiniit  of  Mrmnt  Ififfalls,  per- 
haps remiiins  of  a  former  crater.  In  the  ravine  that  neatis  jtut 
east  of  the  eummit  of  Mount  Inpalls  tlio  basalt  is  glaciated. 
Its  a£i;,  thoreforti,  antedates  that  of  the  glaciers  of  tbe  Siem 
Nevada. 

II.  AndeHite. — This  is  chiefly  a  breccia.  The  angular  frag- 
ments of  andesite  from  this  breccia  are  uaually  coarsely  orvs 
talline  and  frequently  vesicular.  The  color  is  dark  gray,  tbe 
feldspars  showinfj  as  white  snots.  Frequently  hornblende 
needles  are  niacntfico  pi  cully  visinle. 

Under  the  raicro9co|)e  the  andesite  is  composed  of  pheno- 
crysts  of  plagtoclase  and  jtyroxcuu  and  of  occasional  iiom- 
blendes  in  a  groundtnass  sometimes  very  glasey,  sometimei 
hjpocryBtalline  with  abundant  plagiocfase  luicrolites  and 
usually  considerable  magnetite.  Ttie  pyroxene  in  some  cases 
is  largely  augite  ;  but  there  is  frequently  a  good  ileal  of  hyper- 
sthene.  Sometimes  the  rock  is  nearly  holocrystalline.  In  some 
dark  compact  specimens  of  tbe  andesite  hypersthene  is  tbe 
most  ahnndant  bisilicate,  but  the  prevailing  type  is  the  coaww 
one  abov(!  doacribod,  and  usually  the  predominant  bisilieatcs 
are  aupte  tmd  hurnblende. 

Auaesitic  breccia  forms  mo^t  of  the  ndge  that  exteniie 
southeutwly  from  Mount  Irw^alls.  The  same  area  cootinaea 
to  the  north  of  Red  Clover  Valley. 

III.  Old^r  hasitU. — This  is  a  denue  black  rock  nenally  show- 
ing maeropcopically  no  porphyritie  conRtitiionta  except  occa- 
sional ciliviiiL'S.  It  is  fre(iuetitly  roughly  cohitnnar.  the  prisms 
being  tiniall,  seldom  more  than  three  or  four  inebes  in  diame- 
ter. The  rock  has  bacri  nowiiere  seen  by  the  writer  except  in 
the  massive  form. 

Microscopicidly  tbe  rock  is  eomposL'd  of  lath  like  phigiocLiM 
with  more  or  less  olivine  and  some  auf^ite  iti  a  groundmasa 
which  is  rendered  dark  by  the  abundant  magnetite.  The 
groundmass  soinetinies  contains  considerable  glass  and  fre- 
qu<.'ntly  specks  ;uid  ininuto  prisms  of  augite.  Much  of  the 
olivine  is  altered  to  serpentine.  The  plairinclases  are  usiiallv 
small  and  <>f  ui-arly  even  size.  One  slide,  however.  sho«"; 
porpli\  ritic  pLiL^ieelases  and  <iliviucs  in  a  givnmdmass  of  plij:i- 
oclase  tiiiernliies,  magnetite  and  glass. 

The  <)lder  liasalt  fnrni.-i  an  area  of  several  square  miles  to 
the  east  of  :iiIoimt  h\^AU  and  we-st  of  lied  Clover  Vallev. 
There  is  a  smaller  area  at  the  southwest  Imse  of  Mount  Ingalls 
eavt  .it  Little  (Jrizzlv  (ireek,  and  also  another  just  sontii«-e--t 
of  the  la^t  ami  uu  tli'e  west  side  of  Little  Grizzlv  Creek.  It  is 
the  lava  .,f  Walker  Plains.  >n  Plumas  county,  and  f.f  Moore- 
ville  Ridge  and  Oroville  Table  Mountain,  and  tbe  Iron  Cafion 


n.  W.  Turner — Lavna  of  Mi.  IngaUsj  California.     457 

of  Cbico  Creek  in  Bntte  connty.  So  far  as  I  am  aware,  this 
dense  black  older  basalt  is  found  onlj  in  Plumas  and  Bntte 
eonnties.  At  numerous  points  it  rests  on  Tertiary  sediments, 
chiefly  river  gravels.  It  nas  nowhere  been  seen  by  the  writer 
overlying  or  cutting  through  other  Tertiary  lavas.  Its  rela- 
tion to  the  andesite  (II)  is  very  evident  about  four  miles  east- 
sontheast  of  Mount  In^Us  on  the  ridge  to  the  east  of  the 
road  from  Red  Clover  Valley  to  Genesee  Valley.  Here  a 
nearly  horizontal  bluff  of  andesite  above  live  hundred  feet 
vertically  above  the  road  may  be  seen  resting  on  the  older 
basalt  (III).  A  vertical  section  here  would  be  approximately 
18  follows : 

1.  Andesitic  breccia,  thirty  feet  in  thickness.  This  is  made 
ap  of  angular  fragments  of  andesite  cemented  by  volcanic  ash. 
It  shows  no  evidence  of  stratification.  A  little  to  the  east  of 
the  bluflF,  lying  on  this  breccia  and  presumably  weathered 
from  it,  were  found  fragments  of  silicihed  wood. 

2.  Fine  even-grained  andesitic  tuff,  one  to  four  feet  thick. 
The  tuff  layer  is  approximately  horizontal.  It  is  made  up  of 
minute  fragments  of  plagioclase,  augite,  hypersthene,  green 
hornblende,  and  apparently  some  quartz,  with  opaque  and  dis- 
colored particles.  It  is  very  plainly  fragmental.  It  contains 
also  fragments  of  plant  stems. 

3.  Andesitic  conglomerate,  fifteen  feet  thick.  Immediately 
under  the  tuff  and  plainly  resting  on  the  older  basalt  is  a  vol- 
canic conglomerate  containing  some  fragments  of  the  older 
basalt  as  well  as  granite  pebbles  but  chiefly  made  up  of  peb- 
bles and  fragments  of  andesite. 

4.  Older  basalt,  five  hundred  feet  thick.  This  reaches  from 
the  bluff  of  the  above  fragmental  materials  1,  2,  and  3,  down 
to  Red  Clover  Creek  below,  a  vertical  distance  of  about  five 
hundred  feet. 

To  the  observer  it  is  very  manifest  at  this  locality  that  the 
above  series  of  volcanic  fragmental  rocks  are  of  later  date 
than  the  underlying  basalt.  The  great  thickness  and  extent 
of  the  basalt  and  the  thinness  of  the  overlying  andesite  ren- 
ders it  extremely  unlikely  that  it  is  an  intruded  sheet.  More- 
Dver,  the  same  superposition  of  the  andesite  on  the  older 
basalt  may  be  noted  at  other  points,  as  for  example,  at  the 
southwest  base  of  Mount  Ingalls,  at  Iron  Caflon  in  Butte 
county,  and  on  the  ridges  to  the  north  and  south  of  Onion 
Valley  Creek,  in  Plumas  county.     It  is  most  probable  that  a 

Seriod  of  erosion  occurred  between  the  time  of  the  older  basalt 
ows  and  that  of  the  andesitic  eruptions. 
IV.  Hhyolite, — A  small  area  of  this  rock  was  noted  four 
miles  to  the  southeast  of  Mount  Ingalls,  to  the  west  of  Red 
Clover  Valley.      The    exposure  is    surrounded   by  andesitic 
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breccia.  Wherever  in  the  Sierra  Nevada  its  relation  to  the 
andeBiCo  is  evident,  it  is  the  older  roek.  The  rtilaCive  age  of 
the  rhyolitfl  and  the  older  basalt  has  not  been  made  out.  I 
have  nowhere  eecn  thetn  in  juxtaposition. 

It  is  expected  that  the  above  rocka  will  be  studied  in  more 
detiiil  later,  with  the  aid  of  chemical  unalyseE.  so  that  their 
exaat  position  in  the  series  of  Tertiary  lavas  may  be  dcter- 
uined.  The  eiibjent  is  of  e^ipecial  interest  in  relation  to 
Richthofcn's  law  of  succession  of  volcanic  rocks,  to  whieh 
this  furina  an  iipimrcnt  exception. 

The  snbjeet  of  the  succession  of  the  igneous  rocks  of  the 
(jtreat  Basin  has  been  considered  in  detail  by  Uai^rio  is  the  . 
forthcoming  monograph  of  the  U,  S.  Geological  Survey  on  I 
the  Eureka  District,  Nevada,  and  by  Iddings*  who  states  thit  J 
igneous  rocks  of  a  mean  competition  are  usually  followed  by  j 
both  highly  basic  and  highly  acid  types.  I 

The  Tertiary  lavas  of  Mount  Ingalls  rest  on  a  baae  of  mnch 
older  rocks,  scnists,  inetainorphic  tuffs  and  granite.  The  latter  , 
rock  is  of  igneous  origin,  as  is  shown  by  the  inclusions  in  it  of 
the  older  cTastic  rocks  which  are  here  in  part  at  least,  of  Co-  ' 
boniferouB  age.  These  inclnsions  are  numerous  at  a  point  n  j 
the  sontliwest  slopo  of  the  mountain,  throo  miles  from  tiM  I 
summit.  I 

Since  writing  the  above,  the  following  analyses  have  boen 
obtained  : 

oilier  basalt  Ldte  biifalt 
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The  analyses  were  made  by  W.  F.  Hillebrand  of  the  U.  S. 
jeological  Survey.  It  will  be  noted  that  the  two  basalts,  so 
lifferent  in  age  and  in  habitus,  are  quite  similar  in  composition. 
ks  would  be  expected  in  the  dense  black  older  basalt  contain- 
ng  a  larffe  amount  of  magnetite,  the  iron  contents  are  much 
;reater  than  in  the  coarse-grained  gray  basalt  of  later  age. 

Washington,  D.  C,  Sept.  9,  1892. 


\.BT.  LXI. — A  Method  for  the  Quantitative  Separation  of 
3aHuia  from  Strontiurrt  hy  the  action  of  Ainyl  Alcohol 
on  the  Bromides ;  by  Philip  E.  Browning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XIX.] 

The  existing  methods  upon  which  dependence  can  be  made 
D  the  separation  of  barium  from  strontium  are  few  in  number. 
)r.  R.  Fresenius  in  discussing  them  through  several  numbers 
rf  his  journal*  concludes  that  the  only  one  which  gives  per- 
ectly  reliable  results  consists  of  the  precipitation  of  the 
>arium  by  a  double  treatment  with  ammonium  chromate  in 
icetic  acid  solution.  Having  demonstrated  the  possibility  of 
eparating  both  barium  and  strontium  from  calcium  by  the 
lehydrating  and  appropriate  solvent  action  of  boiling  amyl 
Jcohol  on  the  nitratesf  the  possibility  of  a  similar  method  of 
reparation  by  the  use  of  suitable  salts  of  barium  and  strontium 
eemed  worthy  of  investigation  and  necessary  to  complete  the 
cries  as  applied  to  this  group.  In  looking  about  for  suitable 
alts  upon  which  to  experiment  the  behavior  of  the  chlorides 
vas  suggestive.  Barium  chloride  is  completely  insoluble  in 
imyl  alcohol  while  the  corresponding  strontium  salt  is  some- 
vhat  soluble.  The  possibility  of  finding  strontium  bromide 
nore  readily  soluble  than  the  corresponding  chloride  seemed 
NOTthj  of  attention.  The  method  of  preparation  followed  was 
he  treatment  of  the  precipitated  and  thoi^oughly  washed  car- 
)onate8  of  barium  and  strontium  with  hydrobromic  acid  pre- 
pared:}: by  mixing  definite  proportions  of  potassium  bromide 
n  solutions  with  sulphuric  acid  and  water  while  hot,  filtering 
)flF  the  potassium  sulphate  which  separates  on  cooling,  and  re- 
iistilling  the  filtrate  until  the  distillate  contains  no  appreci- 
ible  trace  of  sulphuric  acid.  The  standards  of  the  solutions  of 
)arium  and  strontium  bromides  made  in  this  way  were  deter- 
nined  by  precipitating  definite  portions,  measured  and  weighed, 
ivith  sulphuric  acid, — the  strontium  after  the  accepted  method 
)f  adding  ethyl  alcohol  to  increase  the    insolubility  and  the 

•Zeitschrift  fiir  Anal.  Chem.,  xxix,  20.  143,  413. 

f  This  Journal,  xliii,  50,  314.  X  Proceedings  Amer.  Acad.,  xvii,  30. 
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barium  after  the  maimer  sug^sted  liy  Dr.  F.  W.  Mar.*  pre- 
cipittiting  with  an  excess  of  snlpkuric  acid  iu  the  pi-ceence  of 
hydrochloric  acid.  The  mean  of  closely  a^freeing  results  was 
taken  as  the  standard.  Preliminury  cxperimente  on  the 
bromides  formed  in  tiiis  way  gave  encouraging  results,  the 
bariiiio  salt  Bppeariiig  to  be  almost  oompletely  insoluble  while 
the  Btrontium  salt  diesolved  freely.  The  first  series  of  ex- 
periments were  directed  toward  a  tjuantitative  determination 
of  the  solubility  of  barium  bmmide  in  the  alcohol.  Definite 
portions  of  the  stimdardized  solution  of  barium  bromide  were 
Rieaenrcd  from  u  burette  into  counterpoised  beakers  of  abon: 
SO  cm'  capacity  and  weighed  as  a  check  on  the  burette  reading. 
This  solution  was  then  evaporated  to  diTiiese,  and  the  residue 
was  dissolved  in  a  few  drops  of  water  and  boiled  with  10  em' 
of  aniyl  alcohol.  The  separating  bromide  was  filtered  off  on 
an  asbestos  felt  contained  in  a  perforated  platinum  crucible. 
the  whole  haviny  been  previously  ignited  and  weighed.  The 
crucible  containing  the  bromide  was  at  tirst  dried  at  140°- 
160"  C.  in  an  air  bath  after  the  maimer  described  in  the 
previous  papers,  and  weighed.  The  unsucceesfal  attempt  to 
got  a  constant   weight,  however,  proved  the   impossibility  oi 


weighing  as  bromide,  the  weight  decreasing  rapidly  vitL  eacb 
mccessivfi  drying.  It  was  deemed  beat  accordingly  to  dissolve 
the  bromide  from  the  folt  into  a  beaker  placed  to  reoeire  it, 
and  to  precipitate  with  sulphuric  acid  in  the  presence  of  hydro- 
chloric acid,  after  the  same  manner  followed  in  the  determins- 
tioriB  of  the  standards.  The  procipitrited  sulphate,  whicti  in  a 
few  iiiiniites  scttL'^i  compiclelv,  was  filtered  off  noon  tht  Piiine 
felt  from  which  the  bromide  had  been  dissolved,  dried,  ignited 
to  low  redni'SB,  and  weighed.  Series  I  gives  the  results  of 
several  experiments  made  after  this  manner  which  slimvihe 
solubility  of  the  barium  suit  to  he  about  O'COIS  gnu.  on  the 
o\idc  in  10  C7n.' of  anivi  alcohol.  The  liltratu  after  hoilinp 
witli  amyl  alcoliol  was  evaporated  and  the  residue  was  treated 
with  sulphuric  auid  and  weighed  ;  or  the  filtiate  was  precipi- 
tated directly  by  adding  sulphuric  acid,  enough  ethyl  alcohol 
being  added  to  ^^ccure  thorough  mixture.  The  amount  of  sul- 
phate found  agret^d  uniformly  with  thi;  loss  determined  in  tlit 
residue  after  lM)iliug,  A|)ortion  of  the  salt  which  dissolved  in 
the  alcohol  on  being  exauiineil  before  the  spectroscope  g.ivt 
only  the  green  bands  characti-ristic  of  barium. 


)t.iO  tnfcon. 

HaO  UnmA. 

Hrror 

(1) 

Cl■l■;.^4  grm. 

n-\T>-i  gni 

0-0012- 

(-) 

(j-0824      " 

IP-08II9      •' 

0-0015  — 

(:J| 

0-l)H2:)      " 

11-0809     " 

0-OOU  — 

H) 

lI'OKia      " 

00.-S03      " 

O'OOlo- 

(5) 

0-0733     " 

0 -11 720      « 

O'ooia— 

*Thi 
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Several' methods  of  treatment  were  followed  to  prevent  if 
pofifiible  this  solubility,  such  as  the  addition  of  a  few  drops 
of  hydrobromic  acid  before  boiling,  of  the  same  after  the 
barium  bromide  had  separated,  of  a  few  drops  of  ethylene  di- 
bromide  or  ethyl  bromide  at  the  completion  of  the  boiling, 
of  a  few  drops  of  bromine  water  before  boiling,  etc.  The 
results  of  these  experiments  showed  these  modifications  to  be 
of  little  or  no  value. 

Oq  boiling  the  strontium  bromide  with  the  alcohol  slight 
spots  separated  occasionally,  which  on  the  addition  of  a  drop 
of  hydrobromic  acid  went  into  solution  and  did  not  appear  on 
re-boiling.  In  order  to  determine  the  solubility  of  the  stron- 
tium bromide  in  the  alcohol  a  saturated  solution  was  obtained 
by  boiling  an  excess  of  the  strontium  salt  with  the  alcohol,  the 
salt  in  a  measured  portion  of  10  cm'  was  precipitated  as  sul- 
phate by  the  addition  of  ethyl  alcohol,  and  sulphuric  acid,  and 
weighed  Duplicate  determination  showed  tne  solubility  to 
be  aoout  0*2  gram  on  the  oxide  in  10  cm'  of  the  alcohol.  The 
mode  of  procedure  for  the  separation  of  these  elements  was 
identical  with  that  already  described  in  the  case  of  barium  alone 
up  to  the  point  at  which  the  barium  was  filtered  oflF,  except,  of 
course,  the  addition  at  first  of  a  measured  and  weighed  amount 
of  a  previously  standardized  solution  of  strontium  bromide. 
The  strontium  was  precipitated  from  the  filtrate  as  sulphate  by 
dilute  sulphuric  acid,  ethyl  alcohol  being  added  to  secure 
thorough  mixture.  These  precipitates  were  generally  filtered 
ofi  upon  asbestos  felts,  and,  although  their  gelatinous  character 
delayed  the  filtration  somewhat,  the  drying  and  burning  of  a 
filter  paper  with  the  possible  danger  of  loss  by  reduction  in 
the  presence  of  burning  paper  was  avoided.  Series  II  gives 
the  results  of  a  single  treatment,  and  it  will  be  seen  that  there 
is  apparently  a  slight  contamination  of  the  barium  by  the 
strontium  which  where  the  latter  is  present  in  large  quantities 
balances  the  solubility  of  the  barium  (0*0013  grm.  on  the  oxide.) 
Where  the  amounts  of  strontium  taken  are  small  the  loss  oi 
barium  due  to  solubility  appears. 

Series  IT. 


grm. 

(1)  0-1228 

(2)  0-1227 

(3)  0*1224 

(4)  0-1217 

(5)  0-1216 

(6)  0-0974 

(7)  0-0971 

(8)  0-0970 

(9)  0-0411 
(10)  0*0248 


(aO  found. 

Error. 

SrO  taken. 

SrO  foitnd. 

Error. 

grm. 

grm. 

grm. 

grm. 

grm. 

0*1225 

0*0003  — 

0*1070 

0-1065 

0-0006  — 

0-1231 

0*0004-1- 

0*1074 

0-1069 

0*0005  — 

0-1228 

0*0004  4- 

0-1070 

0*1067 

0*0003- 

0-1201 

0-0016  — 

0*0364 

00372 

0*0008  + 

0-1222 

0*0006  + 

0*0133 

0-1124 

0-0009  — 

0*0970 

0-0004  — 

0-0719 

0-0721 

0*0002  + 

00973 

0*0002  + 

0*0730 

0*0727 

0-0003  — 

0*0971 

0*0001  + 

0*0718 

0-0716 

0-0002  — 

0-0390 

0-0021  — 

0-0365 

00386 

00020  + 

0*0234 

0*0009  — 

0-1072 

01072 

00000 
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Series  III  gives  th«  resnlt  of  a  doable  treatment,  Iv.  tliis 
eerieii  tlic  contain iiiatiug  vlluet  of  tlic  strontium  ehU  ditiuppeiin 
ulinuet  entirely  leaving  a  deliciency  of  about  0'0O25  grm.  on 
the  oxide  to  be  itdded  to  the  Iiariiim,  and  a  correaponding 
amount  of  Bulpbate  (O'OO-K)  grm.)  to  be  subtracted  from  the 
etrontiiini  eulpbatt?  before  calculating  tt  to  the  coudiliou  of 
the  oxidu.  Tiiu  mtmipultitiou  iH  tlic  stiinous  tliiit  oiitlintsd  for 
the  single  treatment,  aa  far  as  the  completion  of  the  fii-st  boil' 
m^.  At  this  point  the  am^l  alcohol  containing  most  of  tk 
sti'Ontium  in  solution  was  decanted  upon  a  weighed  and  ipiiit«d 
felt  and  collected  in  a  beaker  plucud  to  receive  it.  The  resiiloe 
of  barium  with  trnces  of  strontimn  wag  then  dissolved  in  a 
few  drops  of  water,  a  drop  of  hydrobromic  acid  wa*  added 
and  the  boiling  wiis  repeated  with  another  portion  of  10  (tid' 
of  amyl  alcohol.  Upon  reaching  the  lH>i]mg  point  of  tk 
alcohol  thfi  beaker  was  removed,  and  the  barium  salt  was  fil- 
tered upon  the  felt  through  which  the  first  portion  had  been 
decanted,  and  treated  as  before  desorilred. 


Sutus  HI. 

BaO  lonnd. 

SrO  found. 

BhO  Uk9D 

(Corrected.) 

KiTcr. 

SrO  Ukea. 

(CorreDtcd ) 

Error. 

sroi. 

grm. 

grm. 

grm. 

gnu 

IJ 

0-1212 

0-1210 

0-00(j7  + 

0-1O68 

0-1071 

O-OO03+ 

2) 

01216 

0-1219 

0-(10u4  4- 

0-0358 

00350 

0-0001+ 

») 

01280 

0-1221 

0-0001  + 

0-0353 

0-034  T 

0-oooa- 

* 

01212 

0-1220 

0'0008  + 

0-0363 

0-035a 

0-OOOS- 

s) 

«'I219 

0-1221 

0-0002  .f 

n-0361 

0-0354 

0-nooT- 

('') 

n'i2ii 

ni2iR 

(VIIOOT-t- 

(.1-1  121 

0-1110 

0-onici- 

(■) 

0-1 311) 

0-1310 

O'CiiiOO 

U'llaTT 

0'U58G 

0-0>Klfl+ 

(S) 

0-1)498 

0-0492 

O'Di'iH  — 

O-lir.74 

0-0570 

0-Ol.iO,)  + 

The  method  is  rapid,  and  while  the  cori-ection  to  be  a|i(>]icd 
owing  to  the  solubility  of  the  barium  palt  is  large  it  ij  so 
dofinile  that  it  cannot  be  objcetioniiblc.  The  iiuthor  in  coiielu- 
hion  would  express  Lit*  iTide'l)ledness  tu  Prof.  F.  A.  Gm.di  of 
the  Kent  L:ilu.r;it<iry  for  the  many  helpful  suggettions  re- 
ceivc<l  froiN  liim  liciiriTig  iiiinn  this  irivcKtigation. 
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S,p.,r.'fn„.  ,.f  St.r.,Hi',„m  from  CnJ-'ntlh  hij  ihr  ncti.m  •■1 
Amijl  Alc.h.,}  ,.y,   Ih.   Mli-aUa;   by  Phiijp'K,    Prow.vlvg. 
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IJkl'KN  [  woik  tin  Tiiy  inctliod  for  the  'jiiantitative  separation 
of  stionttuio    from  calciiiin  by  tlie   action   of  amyi  alcohol  on 
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itrates*'  has  demonstrated  the  possibility  of  nsing  very 
smaller  amounts  of  amyl  alcohol  in  the  boiling  than  the 
ate  formerly  used  (30  cm*  for  each  treatment).  By  the 
►f  smaller  beakers  (50  cm*  capacity)  10  cm*  of  the 
)1  can  be  conveniently  substituted  for  80  cm',  and  the 
jtion  for  solubility  of  the  strontium  nitrate  is  thus 
ed  from  0*001  grm.  on  the  oxide  to  0*0003  grm.  in  each 
aent,  and  the  corresponding  amount  of  sulphate  to  be 
"acted  from  the  calcium  sulphate  before  calculating  to  the 
tion  of  oxide  is  reduced  from  0*0017  grm.  to  0*0005  grm. 
ih  treatment.  The  necessity  of  a  double  treatment,  or 
ae  of  two  portions  of  lo  cm*  each  of  the  alcohol,  brings 
►tal  correction  to  00006  grm.  on  the  strontium  oxide,  and 
}  on  the  calcium  as  sulphate.  For  ordinary  work  such  a 
;tion  may  be  disregarded.  The  following  tables  give  the 
;ted  and  uncorrected  results. 


Table  I  (correction  disregarded). 

taken. 

SrO  found. 

Error. 

CaO  taken. 

CaO  found. 

Error. 

prm. 

grm. 

grm. 

grm. 

grm. 

grm. 

)*0570 

0-0565 

0-0005  — 

0-0534 

0-0640 

0-0006  + 

)'05V3 

0-0567 

0-0006  — 

0-0634 

0-0643 

0-0009 -f 

)-0285 

0-0274 

0-0011  — 

0-0272 

0-0276 

0*0004  -f 

>*0568 

0-0560 

0-0008  — 

0-0535 

0-0637 

0*0002  + 

»-0568 

0-0561 

0-0007  — 

0-0533 

00635 

0  0002 -f 

>'0288 

0*0280 

0-0008  — 

0-0271 

0-0272 

0-0001  -f 

J-1420 

0-1416 

0-0004  — 

0-0535 

0-0544 

0-0009  -f 

)-1419 

0-1416 

0-0003  — 

00665 

0-0669 

0-0004 -f 

)*1135 

0-1132 

0-0003  — 

0-1066 

0-1070 

0-0004  -f 

I-1137 

U-1126 

O-OOll  — 

0-1064 

0-1070 

0-0006 -h 

Table  II  (correction  applied). 

SrO  found. 

CaO  found. 

taken. 

(Corrected.) 

Error. 

CaO  taken. 

(Corrected.) 

Error. 

^rm. 

grrm. 

grm. 

grm. 

grm. 

grm. 

1-0570 

0-0571 

0-0001 -h 

0-0634 

0-0536 

0-0002  -f 

1-0573 

0-0573 

0-0000 

0-0534 

0-0539 

0-0006  4- 

J-0285 

0-0280 

0-0005- 

0-0272 

0-0272 

0-0000 

)-0568 

0-0566 

0-0002 — 

0-0535 

0-0533 

0-0002  — 

>*0568 

0-0567 

0-0001  — 

0-0633 

0-0531 

0-0002  — 

)-0288 

0-0286 

00002  — 

0-0271 

0-0268 

0-0003  — 

1-1420 

0-1422 

0-0002-1- 

0-0635 

0-0540 

0-0006  -f 

»-1419 

0-1422 

0-0003-1- 

0-0665 

0-0665 

00000 

>-1135 

0-1138 

0-0003  -h 

0-1066 

0-1066 

0-0000 

1-1137 

0-1132 

0-0005  — 

0-1064 

0-1066 

0-0002  -f 
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W.  p.  lIcaiM^n — Furmnlion  uf  the  AUoyt  of 


Art.  LXHL— ^  Study  qf  the  Formation  of  the  Ailcyt  of 
Tin  and  Iron  vnth  a^ariptiona  of  Botas  naw  AUoya  ;*  bj 
William  P.  Hbadden. 

AfiOETT  three  years  ago  I  had  occasion  to  investi^te  some 
tin  battons  obtained  in  aeeaying  tin  ore  bv  tbe  polassic  cyanide 
mcttjod,  and  observed  that  the  alloy  obtained  by  oxidizing  the 
buttons  with  bydric  nitrate  and  treating  the  oxidized  mus 
with  potassie  hydrate  was  not  only  significant  in  qnanti^, 
ransing  froiri  one  and  a  half  to  ten  and  a  half  per  ceni,  but 
varied  in  form  also,  thongh  obtmned  nnder  similar  eondidone 
of  charge  and  temperature.  Subsequent  investigations  con- 
vinced me  that  the  same  is  trne  of  dross  obtained  by  melting 
larger  quiiiitities  of  tin  ore  with  iinlhraeite  dnst,  lime  m 
tluor  epar  in  a  graphite  pot.  As  tlio  Utter  method  yields 
larger  quantities  at  less  expense,  the  droea  fi-oni  such  fusions 
was  used,  as  a  rule,  in  my  investigations. 

Of  the  buttons  first  investigated,  the  first  yielded  about 
T  per  cent  of  a  non-magnetic  alloy  eorreepondmg  to  the  fo^ 
inula  Fe,Bn, ;  the  second  yielded  a  quantity  of  magnetic 
alloy  corresponding  to  the  formula  Fe.Sn,;  while  the  third 
yielded  a  non-msgnetic  alloy,  so  small  in  quantity,  however, 
that  no  analysis  was  attempted,  hut  its  form  differed  from  that 
of  the  other  two,  and  I  had  no  reason  for  believing  it  to  be 
identical  with  either  of  them.  Its  form  was  that  of  a  sij 
sided  prism  witli  etched  and  pitted  basal  plane  which  was 
seldom  perfect  though  always  present.  This  was  probably 
an  iniitiitive  form  after  an  orthorhoniblc  combination. 

The  results  of  the  investigation  to  which  this  led  may  bi- 
brietty  given  as  follows:  i.  e.  that  there  is  a  series  of  stimiiidcs 
<)f  iron  of  wlii<'h  I  obtained  the  follfwiug  members,  FeSn,. 
Fe,Sn,,  Fe,Sn,.  l'\\Pn^,  1'V'jSu,  and  FcSii — and  in  additi('ii  ti 
these,  the  following,  Fe,Sn,  Fe.Sn  and  Fe.^ii. 

Siiiiie  of  tiiese  have  been  descriijed  before,  bnt  the  descrip- 
tions irivtTi  by  tlii^  v:trion.<  investigators  agree  in  nssTgniny; 
thetn  "properties.  s<iitie  of  wliich  dilter  widely  from  tlio^^v 
nhscrved  in  my  :illovs.  TImsc  previously  described  are  FeSii,. 
Noellner;  Ketin.  I>oville  and  Caron;  Fe,Sn,  Lassaigne,  and 
Fe.Sn,  Bergman,  The  first  of  therie  has  more  recently  been 
srudie.1  bv'A,  0.  Oudemaim.  Jr.  Xoellner  savs  that  FoSn,  i? 
insoluble'  iu  hydric  ehl,pnd<;.  While  Oudemaim  makes  ik. 
deliniti'  statement  on  this  point,  merely  stating  that  he  prefer; 
to  use  hvdric  nitrate  in  sei>arating  it  from  the  excessive  tin 
leaving  it  t..  Im-  iiifeired  that  he  fi.urui  it  at  least  diHlciiltly 
*  -Almnipl  ii(  arlicle  rc:iii  liefiire  Colo.  Scicntilic  *)ciety — Address  of  retiriiij 
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soluble  in  the  hydric  salt.  Deville  and  Caron  describe  FeSn 
as  insoluble  in  hydric  chloride  and  crystallizing  in  plates. 
The  alloys  which  I  have  obtained,  giving  tliese  formulas,  do 
not  agree  with  these  descriptions.  All  writers  on  these  alloys 
agree  in  giving  aqua  regia  as  the  solvent  for  them.  I  have 
uniformly  usea  hydric  chloride  and  have  found  but  a  small 
amount  of  any  one  of  them  insoluble  in  this  agent,  and  the 
portion  insoluble  in  it  was  almost  as  insoluble  in  aaOa  regia. 
The  description  of  forms  is  also  quite  at  variance.  This  may 
be  due  to  difference  of  interpretation  of  the  forms,  or  it  may 
indicate  that  these  alloys  vary  greatly,  both  in  form  and  prop- 
erties according  to  the  conditions  under  which  they  are  formed  ; 
my  observations  tend  to  establish  the  latter.  The  compounds 
Fe^n^  Fe,Sn^  and  Fe^Sn.  vary  in  their  property  of  being 
magnetic,  sometimes  being  almost  or  quite  non-magnetic,  and 
it  will  require  a  more  exhaustive  study  of  their  crystal  form 
to  establish  any  distinctive  difference  between  them  in  this 
respect;  the  habit  of  the  crystals  as  obtained  is,  it  is  true, 
somewhat  different,  but  it  is  doubtful  whether  it  is  uniform 
and  persistent  enough  to  be  relied  upon  as  distinctive.  I  have 
recognized  but  one  form  with  certainty,  a  rhombic  prism, 
which  is  the  crystal  form  of  the  alloy  f'eSn,.  Though  some 
crystals  of  this  form  were  observed  which  have  not  been 
proven  to  be  this  alloy  and  this  form  may  be  common  to 
several  alloys.  Furthermore  certain  rough  six-sided  imita- 
tive forms  have  been  observed,  which  are  not  characteristic 
of  any  one  of  at  least  three  alloya  These  facts  indicate  as 
already  suggested,  that  the  various  observations  may  not  be 
contradictory  because  made  on  material  which  is  not  perfectly 
comparable. 

The  members  of  this  series  are  all  brittle,  so  much  so 
that  in  the  form  in  which  they  were  obtained,  they  can 
be  rubbed  to  a  powder  between  the  thumb  and  finger ; 
they  all  bum,  readily  and  quite  brilliantly,  when  strewn  into 
the  flame  of  a  candle  or  alcohol  lamp  with  the  formation  of  a 
dense  smoke,  and  the  emission  of  an  intense  odor  of  tin,  best 
observed  a  short  distance  above  the  flame.  This  odor  was  so 
intense  and  similar  to  that  of  arsenic  that  it  was  with  difficulty, 
and  only  after  repeated  experiments,  that  I  convinced  myself 
of  the  absence  of  this  element. 

These  alloys  require  so  high  a  temperature  to  fuse  them  that 
I  was  able  to  fuse  only  small  portions  of  them  before  the 
blowpipe,  and  that  not  very  satisfactorily ;  whether  they  suf- 
fered decomposition  thereby  was  not  evident,  but  with  soda 
on  charcoal  they  were  decomposed  with  emission  of  sparks  and 
the  separation  of  malleable  tin.  Concentrated  hydric  sulphate 
acts  upon  them  violently  with  copious  evolution  of  sulphur 
dioxide. 
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Art.  LXUI,— j4  St/<iidy  of  the  ForTnation  of  H>e  AUoy*  fff   : 
Tin  and  Iron  vrith  deaoriptiona  of  ao^ne  new  Ali^ya  ;*  ^ 
William  P.  Headden. 

About  three  years  ago  I  had  occasion  to  inveetigate  some 
tin  buttons  obtained  in  asaaying  tin  ore  by  the  pota^^ic  cyanide 
method,  and  observed  that  the  alloy  obtained  by  oxidizing  the 
bnttons  with  hydric  uitrate  and  treating  the  oxidized  mas 
with  potaesic  hydrHte  was  not  only  signitieant  in  quantity, 
ran^ne  from  one  and  a  half  to  ten  and  a  half  per  cent,  bat 
Taned  in  form  also,  though  obtained  nnder  similar  condition! 
of  charge  and  temperature.  Subsequent  investigations  coo- 
vinoed  me  that  the  same  is  true  of  dross  obtained  by  meltinj 
larger  quantities  of  tin  ore  with  anthracite  dust,  lime  ana 
ilnor  apar  in  a  graphite  pot.  As  the  latter  method  yielife 
larger  quantities  at  less  expense,  the  dross  from  sueh  fusioM 
was  naud,  as  a  rule,  in  my  investigations. 

Of  the  buttons  first  investigated,  the  first  yielded  about 
7  per  cent  of  a  non-magnetic  alloy  corresponding  to  the  for 
mnta  Fe,Sn,;  the  second  yielded  a  quantity  of  magoetio 
alloy  corresponding  to  the  fonniiln  Fe.Sn,;  while  the  third 
yielded  a  non-maguetio  alloy,  so  small  in  quantity,  howarer, 
^at  no  analysis  was  attempted,  hut  its  form  difiered  from  tint 
of  the  other  two,  and  I  had  no  reason  for  believing  it  to  he 
identic-'il  with  eithnr  of  them.  Its  form  was  that  of  a  six 
piilml  prism  witli  i;lehrd  ;ind  pitti'tl  basal  plane  which  was 
suliioni  perfect  though  always  present.  This  was  probably 
an  imitative  form  aft^r  an  orlhoHiomhic  combination. 

The  results  of  the  investigation  to  which  this  led  maybe 
briefly  fiiven  as  follows :  i.  c.  that  there  is  a  aories  of  stannides 
of  iron  ^f  which  I  obtained  the  following  membera,  FeSn„ 
Fe,Sii„  Ft.',f^n,.  i''i.',Sii^,  Fe,Sn,  and  FeSn^and  in  addition  to 
tht'Sf,  thu  fullowiiii;,  Fe.Sn,  Fe.Sn  and  Fe.Sn. 

Sonic  of  these  have  been  described  before,  bnt  the  descrip- 
tions given  by  the  various  investigators  agree  in  assignti^ 
them  proptTticf^,  ^ome  of  M-liich  differ  widely  from  thoee 
ohsrrvi'il  III  in\  .it'ny>.  Thiiau  previonsly  described  are  FeSn,, 
Xot'lbii'i  ;  I'r  Sri.  l>(\'nk>  ;md  Caron ;  Fe.Sn,  Lassaigne,  and 
Fe.Sij,  r>i'i-rri;iii.  I'lif  tirst  of  these  has  more  recently  been 
filiidit'ii  h\  A,  '■.  Ou,h'inann,  Jr.  Xoellner  says  that  Fe8ii,M 
iusolubiL'  ill  hydric  cliloride.  While  Oudemann  makes  ik^ 
detinitf  stiitemL^iit  on  this  point,  merely  stating  that  he  pwft^j^ 
to  nse  hydrii.'  nitrate  in  separating  it  from  the  excawivfi  y.  ^Sj 
leavint;  it  to   be  iiifcirod  that  he  found  it  at  least  (f'''         ^"v. 
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ion  of  iron  alloy  or  bottom  with  the  ratio  4 :  1  and  in  a  fourth 
me  the  alloy  had  the  ratio  of  1  : 1  though  the  bottom 
imonnted  to  over  33  per  cent  of  the  weight  of  the  regnlus. 
^u  examination  of  the  ratios  of  the  alloys  yielded  by  the 
lifferent  regnluses  shows  that  the  presence  of  an  iron  bottom 
ioes  not  necessitate  the  lowest  ratios  for  the  tin ;  for  in  such 
sases  we  have  the  ratios  100,  1*20,  1*25,  1*33,  and  1*5  nor  does 
ts  absence  indicate  the  highest  ratios ;  for  in  such  cases  we 
lave  the  same  ratios  as  before, — still,  in  a  general  way,  those 
"egnlnses  having  an  iron  bottom  yield  alloys  with  lower  ratios 
;ban  those  which  have  none,  but  the  difference  is  neither  de- 
cided enough,  nor  sufficiently  constant  to  justify  the  conclu- 
don  that  they  are  end-products  of  a  series  of  decompositions, 
srith  successive  eliminations  of  tin  and  consequent  enrichment 
>f  iron  in  the  alloy.  The  ratio  of  the  alloy  aepends  upon  the 
ratio  of  the  iron  to  the  tin  in  the  mass  rather  than  upon  any 
possible  decomposition. 

Some  experiments  were  made  with  the  object  of  building 
ap  the  series  from  the  lowest  to  tbe  highest  ratio  with  the 
following  results.  A  quantity  of  dross  containing  the  alloy 
FeSn  was  fused  with  one  and  a  fourth  times  its  weight  of 
l)ar  tin  and  the  principal  portion  of  the  resulting  alloy  had 
the  ratio  of  1*25  but  further  changes  also  took  place  as  indi- 
cated by  such  ratios  as  1*33  and  1'66  obtained  for  smaller  por- 
tions of  alloys.  When  the  atomic  ratio  of  the  iron  to  tin  in 
the  mixture  was  made  as  1:6  the  ratio  of  the  alloy  was 
changed  from  1 : 1  to  1 :  133  and  the  same  result  was  obtained 
when  the  tin  in  the  mixture  was  increased  so  that  the  atomic 
ratio  of  the  Fe :  Sn  was  as  1 :  18.  When  I  used  the  alloy 
Fe^Sn.  and  the  atomic  ratio  of  the  mixture  was  made  1  :  25, 
the  ratio  of  the  alloy  was  changed  from  1 :  1*25  to  1  :  1*33  ; 
the  same  result  was  obtained  by  using  the  alloy  FeSn  and 
making  the  atomic  ratio  of  the  mixture  1  :  41,  i.  e.  the  ratio 
3f  the  alloy  was  raised  from  1 : 1  to  1  :  1*33  ;  using  the  same 
dloy  and  making  the  ratio  of  the  mixture  1  :  98  a  mixed 
result  was  obtained  the  ratio  was  raised  in  part  to  1*25  but 
principally  to  2  but  when  the  atomic  ratio  of  the  mixture  was 
made  1 :  124  the  ratio  of  the  alloy,  insoluble  in  hydric  nitrate 
ilways  understood  was  raised  from  1:1  to  1:2.  Equally 
satisfactory  results  were  obtained  when  I  used  reduced  iron 
'^  Fernim  reductum,"  instead  of  the  alloys  so  long  as  I  ob- 
served the  ratios  in  the  mixture,  showing  that  the  use  of  the 
alloy  had  no  influence  upon  the  result  of  the  reaction. 

It  is  evident  that  the  ratio  of  Fe :  Sn  in  the  mixture  has  a 
determining  influence  upon  the  resulting  alloy,  also  that  the 
limits  of  this  ratio  for  some  of  the  alloys  is  quite  wide  espe- 
cially for  the  alloys  Fe,Sn,  and  Fe.Sn^  but  it  seems  that  the 
formation  of  others  is  confined  to  narrow  limits  or  peculiar 
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conditions  afi  Fe,Si],  which  was  found  to  he  the  chief  alloy 
only  one  inetanee.  i.  e.  where  the  atomic  ratio  of  the  mixtare 
was  1:22  and  tiiis  is  singular:  for  in  other  instances  where 
tbt!  ratio  was  1 :  25  and  1  :  il  reepectively  an  alloy  with  a  lower 
ratio,  i.  e.  1-33  wiia  obtainetl  and,  tnoreover,  1  :  32  is  the  ratio 
given  in  Watts's  Chemical  Dictionary  for  a  definite  alloy.  The 
regulus  from  which  I  obtained  tide  alloy  and  having  tfiis  ratio 
could  not  in  any  sense  be  considered  an  individnat  alloy. 

I  have  not  intended  to  even  intimate  that  the  whole  of  the 
iron  in  the  regnluees  obtained  existed  in  the  foi-m  of  altoys 
difficnltly  or  insoluble  in  hydrie  nitrate;  for  at  least  one  alloy 
soluble  in  this  agent  and  crystallizing  in  long  and  wide  but 
thin  plates  was  observed. 

The  tein]>erature,  dnration  of  fusion,  and  rate  of  cooling  are 
very  subordinate  in  their  influence  upon  the  alloys  formed 
both  in  regard  to  their  properties  and  their  distribution  throngli 
the  regnlws. 

The  only  alloy  whose  form  could  be  definitely  made  ont 
was  the  alloy  Febn,  which  crystallizes  in  bright  ehining  rhom- 
bic prisms,  being  comhiuations  of  001, 110,  010,  from  hrownisb 
blacK  to  black  in  color  with  metallic  luster. 

Another  form  is  a  six-sided  often  furrowed,  almost  always,  if 
not  always  hollow  form.  This  form  ia  very  interesting  but 
not  characteristic  as  ii  ia  common  to  several  componnda 

Tfie  terms  iron  alloy  and  iron  bottom  have  been  need  to 
designate  a  hard,  gray  and  strongly  magnetic  mase  forming 
the  lower  part  of  some  of  the  reguluses  and  amounting  in  one 
case  to  rather  moris  tli;ui  one  thirtl  of  the  same  bv  weiijlit. 
My  analyses  of  tiict^e  contain  two  crrui-s  which  being  in  oppo- 
site directions  about  ncntralizi;  each  otiicr,  only  one  of  them, 
however,  affects  the  ratio  of  the  iron  to  tin  when  tbe^c  are  calcu- 
lated to  one  hundred,  i.  v.  the  carbon  wliioh  seriounly  impairs 
the  value  of  the  ratios  ol)t;iined  and  it  is  no  matter  for  surprise 
that  only  one  of  the  analyses  gives  even  an  approximate  ratio: 
the  fact  that  the  material  analyzed  had  to  be  used  just  ae  it 
was  tiikcri  from  the  cnieilile  may  account  for  this  in  ]>art  but 
it  is  a  ijiii^sti.iTi  whether  tliesc  bntt'iuis  are  other  tliau  gray  cast 
imii  alloyed  with  i^r  cujitainiug  varying  (|tiantitiej  of  tin. 
My  experinii'iits  seem  to  prove  that  their  formation  does  nut 
depend  upmi  tlie  presence  of  :i  larije  ijiiaiitity  id'  iron.  i.  e.  that 
they  are  not  |irodiKrts  of  ilissneiatinii,  but  that  the  pi'esencc  of 
cariioii  is  ahsi.hitelv  iieeessarv  \«  their  foniiatiou. 

These  ennipr,mids.  whieh'l  have  cdassed  with  the  tin  c<mi- 
]iiiuii[|s  despite  this  ilegree  of  uncertainty  as  to  their  irui' 
niitiire,  demand  onr  attoiition  and  awaken  our  interest  eve!)  it' 
they  are  related  to  cast  iron,  for  they  have  been  found  t'>  col- 
lect other  ci'inpounds  still  to  be  described, 
Stnte  Scliool  of  Sliiu-s,  ilQi>iil  Citv.  S.  D. 
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Abt.  LXIV. — If'otes  on  the  Camhrian  Bocks  of  Pennsylvam.ia 
and  Maryland,  from  the  Susquehanna  to  the  PotomAic  ;  by 
Charles  D.  Walcott. 

[Bead  before  the  Philosophical  Society  of  Washington,  Oct.  29,  1892.] 

The  special  study  of  the  Cambrian  rocks  of  the  Southern 
Appalachians*  was  limited  during  the  past  field  season  to 
an  examination  of  some  of  the  more  important  exposures  of 
the  group  in  central  Pennsylvania  and  Maryland.  Within 
this  area  between  the  Susquehanna  and  the  Potomac  rivers 
two  points  have  been  the  subject  of  investigation  by  geolo- 
gists, and  decided  differences  of  opinion  exist  in  regard  to 
the  stratigraphy  and  the  geological  age  of  the  rocks  embraced 
within  them.  One  is  that  of  South  Mountain  as  it  occurs  in 
Franklin,  Cumberland,  York  and  Adams  counties,  in  Penn- 
sylvania. The  second  is  the  area  about  Harper's  Ferry, 
Virginia.  After  an  examination  of  the  published  literature, 
including  geological  sections  and  maps,  it  was  decided  to  begin 
work  in  York  county  on  the  Susquehanna  and  to  extend  it 
southwest  to  the  Potomac.  Prior  to  this  three  days  were 
spent  at  Mount  Holly  Springs,  in  the  northwestern  part  of 
South  Mountain,  in  a  preliminary  examination  of  the  quartz- 
ites  exposed  at  that  point.  The  discovery  of  the  lower 
Cambrian  or  Olenellus  fauna  in  a  synclinal  trough  near  the 
western  foot  of  the  mountain,  gave  an  important  datum  point 
which  was  afterwards  of  great  service  in  work  to  the  south  in 
Franklin  county. 

York  County, 

Dr.  Persifor  Frazer  considers  the  Lancaster  limestones  as 
probably  the  equivalent  of  the  Calciferous  and  Trenton  lime- 
8ton*e8  of  the  New  York  series,  and  mentions  that  the  York 
limestone  is  a  slender  offshoot.f  The  Hellam  quartzite  of 
York  is  called  the  '^Chikis"  quartzite,  and  is  described  as  a 
basal  formation  upon  which  a  series  of  schists  occur  that  to 
the  south  "  are,  at  all  events,  those  slates  in  which  the  iron 
ores  of  Lancaster  and  York  are  invariably  found,  the  transition 
series  between  the  Primal  and  Auroral.''^  Professor  Lesley 
describes  in  his  final  report§  the  "Chiques"  sandstone  as  the 
same  formation  as  the  Hellam  quartzite  of  York  county  (as 

*  Notes  on  the  Cambrian  rocks  of  Yirjs^inia  and  the  Southern  Appalachians, 
this  Journal,  vol.  xliv,  1892.  pp.  52-57. 

1 2d  Geol.  Survey  of  Penn.  Report  of  Progress  in  1877.  Geology  of  Lan- 
caster County,  1880,  p.  4.  |  Loc.  cit,  p.  7. 

§  GreoL  Survey  of  Penn.  Summary  Description  of  the  Geology  of  Penn  ,  vol.  i, 
1892,  p.  165. 
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named  hy  Frazer)  and  equivalent  to  the  nwper  Cambrian 
quartzitc  of  Walcott.  He  prefers  to  use  the  older  name 
"Chiques"  for  thtiae  eandstones,  stating  that  it  is  best  to  gel 
rid  of  the  old  nain^i  "Potsdam  "  sandstone,  as  there  doee  not 
seem  to  be  any  satiBfaetorj  evidence  that  the  proper  Potsdam 
sandstones  of  the  Canada  tine  and  Lake  Champlain  extended 
as  far  south  as  sonthern  Pennsylvania.  He  says  that  the  sec- 
tion at  "  Chiques  Rock  "  is  uot  quite  comprehensible  at  one  or 
two  points.  I  found  that  it  was  so  complicated  by  tbroH 
faulting  that  it  ia  not  a  typical  section.  It  exposes,  however, 
the  lowest  of  the  Cambrian  rocks  now  known  to  rae  in  centra! 
Pennsytrania.  The  "  Chiques  Rock  "  proper,  near  Chiqnee,  is 
the  ScolithuB  quartzite,  and  is  in  an  unbroken  section  at  tbe 
enmmit  of  the  series  of  the  quartsites  and  slates  of  the  Chinpes 
section  although  now  apparently  at  the  base  of  the  section. 
The  quartzitea  to  the  south,  between  "  Chiques  Rock  "  and  the 
liniestones  at  Cohtmbia,  are  older  and  have  been  raised  up 
from  beneath  and  thrnst  over  on  the  Scolithns  quartzite  at 
"  Obiqiies  Rock."  This  is  determined  by  the  sncceseion  shown 
in  the  section  exposed  on  the  fianks  of  South  Mountain,  in 
Franklin  county  weet  of  Monterey,  reference  to  which  is  made 
in  the  notes  on  the  geology  of  South  Mountain.  In  relation  to 
the  stratigrapliic  position  of  the  slates,  etc.,  beneath  the  Lan- 
oafiter  limestone,  I  wilt  qnote  the  statement  of  Profeasor 
Lesley,  "The  geographical  proof  that  the  slates  overlie  the 
quartzite  is  complete;  and  establishes  the  correctness  of  Prti- 
fessor  Rogers'  Uj'/'t  Priui'il  xhitc  fnrniation.  The  {reologicat 
evidence  is  equiilly  conclusive;  fur  the  general  dip  in  the 
Chiuiies  rock  is  southwiini,  under  the  shites;  and  of  the  slates 
Bouthwai-d  under  the  linle^^tllne.'"* 

The  continnatioii  of  '■CiiiqU(?s  Ruck"  to  the  westward,  iu 
York  county,  f'oniin  the  Ilcllam  hillii+  and  shows  a  broad  anti- 
clinal of  quartzite  .'^urruundcd  hy  schists.  Nninerons  sectiouf 
along  the  .southern  and  western  sides  of  the  Hellam  hills  show 
that  the  ([uartzites  |tasK  beneath  a  series  of  shales,  slates,  sandv 
and  calcareous  Iiivers  that,  in  turn,  pass  iieiieatli  the  limestones 
of  the  vaMcy. 

It  was  my  good  fortnnc  to  have  the  iiequaiiitiinoe  i>f 
Prof.  A.  Wanin'r,  superLiiti,'iidi.'UI  of  pnblic  school,*  at  York. 
He  v<ilujiteerL'il  to  be  \\\\  guide  fo  localities  where  there 
were  good  cvpuriures  of  rljL-  quiirtzites,  schists  and  limestone;, 
and  he  gave  \\\ii  valuiilile  a.-isUlance.  A  recoiiitaissaTK'C  w:if 
first  made  of  thi-  .'section  at  "  Clii<jiie.-.  liuck''  south   to  C'oluru- 
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)ia,  and  then  on  the  western  side  of  the  river  from  Wrights ville 
lorth  to  the  quartzites.  On  the  western  side  of  the  river  the 
lection  appeared  to  be  anbroken  from  the  Hellam  hills  to 
Wrightsville,  and  to  be  as  represented  by  Dr.  Frazer*  in  his 
section  along  the  right  bank  of  the  Susquehanna.  In  this  the 
snocession  is  from  a  quartzite  (I)  to  shales  (2)  and  to  limestone 
[3),  the  latter  in  Wrightsville,  at  the  Columbia  bridge ;  the 
sandj  shales  and  argillites  (2)  pass  conformably  beneath  the 
oaassive  limestone  (3)  which  forms  a  deep  synclinal  fold  before 
[>eing  cut  off  to  the  south  by  a  fault. 

The  second  section  examined  was  No.  2  of  Dr.  Frazer's, 
extending  from  Emigsville  south  through  Red  Lyon  station.f 
[n  the  description  of  this  section  :j:  he  refers  the  sandstone  in 
the  railroad  cut  just  north  of  Emigsville  to  the  Triassic  Xew 
Red  sandstone.  At  the  northern  end  of  the  cut  he  noted  a 
line-ffrained  sandstone,  dipping  16®  west,  north  52  degrees. 
To  the  southward  of  this  he  describes  a  calcareous,  sandy,  pink 
shale,  dipping  south  5°,  east  20°.  This  is  subjacent  to  27  feet 
>f  blue,  finely  laminated  limestone,  with  white  streaks,  upon 
which  rests  a  red  bed  of  calcareous  conglomerate  two  feet  thick  : 
this  in  tnm  is  subjacent  to  a  belt  of  reddish  shaly  sandstone, 
aine  feet  in  thickness,  which  is  capped  by  156  feet  of  arena- 
ceous shales  of  a  somewhat  flaggy  character. 

He  says :  "  There  would  seem  to  be,  therefore,  an  anticlinal 
in  the  Triassic  measures — the  only  instance  of  one  recorded 
mthin  the  limits  of  this  district.  The  contact  line  of  lime- 
stone and  Mesozoic  sandstone  lies  within  or  just  north  of  the 
town  of  Emigsville.  The  first  recorded  dip  in  the  older  for- 
mation when  projected  upon  the  line  of  section  is  2,160  feet, 
>r  a  little  more  than  a  third  of  a  mile  from  the  last  dip."§  I 
nention  the  details  of  Dr.  Frazer's  section  as  it  is  tne  one 
Kvhich  led  me  to  the  determination  of  the  stratigraphic  position 
in  the  geologic  series  of  the  Chiques  quartzites  and  the  York 
shales  |i  which  are  subjacent  to  the  Lancaster  limestone.^ 
rhe  fault  betweeen  the  Paleozoic  (Lower  Cambrian)  rocks  and 
the  New  Red  sandstone  of  the  Mesozoic  occurs  in  the  railroad 
2ut,  at  the  point  indicated  in  Dr.  Frazer's  section  as  the  crest 

*SecoDd  Geol.  Survey  of  Penn..  1876.  •Section  1,  accompanying  Report  of 
Progress  in  the  district  of  York  and  Adams  counties  for  1874. 

t  Loc.  cit.,  Section  2.  J  I^c.  cit.,  p.  88.  ^  Loc.  cit.,  p.  89. 

I  The  name  York  shale  is  proposed  for  the  band  of  shales  resting  upon  the 
quartzites  surrounding  the  Hellam  hills.  It  is  peculiarly  well  developed  in  York 
.'ounty.  and  appears  to  be  absent  in  many  of  the  sections  about  South  Mountain 
lod  about  the  same  series  of  quartzites  in  Lancaster  county. 

TThe  term  York  limestone  was  proposed  by  Dr.  Frazer  for  this  limestone ;  but 
18  he  states  that  it  is  a  prolongation  of  the  Lancaster  limestone  into  York  county, 
md  that  it  is  more  fully  developed  in  Lancaster  county.  I  think  it  best  to  retain 
lie  term  Lancaster  limestone,  as  it  is  hardly  necessary  to  call  the  same  limestone 
>7  two  different  names  in  adjoining  counties. 
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of  the  anticlinal  in  the  New  Red  enDdetone.  No  eiich  unti 
clinal  exists.  The  aoutheni  leg  of  Dr.  Frazei^'s  anticlinal  i» 
formed  of  ronke  that  bear  no  resemblance  to  the  Mesosoic  E«i 
sandstone,  and  fossils  of  lower  Cambrian  a^e  are  abnndancin 
the  nine  feet  of  compact,  fine  grained  sandstone  described  bv 
him.     The  section,  from  the  fault  line  BOiithwai-d,  is  as  followe: 


1.  Gray,  banded  and  mottled  limeslottee,  wilh  purplish  bed 

of  limestone  at  summit  three  feet  thick.    This  limestone 
weaiherfi  into  a  more  or  less  arenaceous  shale. 
Strike,  E.  &.  W.  (Mag.)  Dip,  25°  S. 

2.  Gray  tiiid  buff  sandy  shales  passing  (at  21  feet)  into  ahsly 

sandstone  and  then  into  sandy  shale,  where  a  belt  of 
calcareons  quartzite  occurs  in  layers  varying  in  thickneM 

from  2  to  12  inohes 1' 

Fossils  : — CainereUa  minor,  and  fragments  of  Olcnel- 
lus,  showing  portions  of  the  head  and  tbor&cic  segments* 

3.  From  the  fossiltlerous  beds  just  mentioned,  for  a  distance 

of  600  teet  (he  hillside  on  the  Cdst  of  the  railroad  is 
covered  wilh  the  debris  ot  sandy  shales,  and  several  ex- 
posures occur  along  the  wapon  road.  From  the  last  of 
these  lo  the  first  outcrop  of  limestone,  a  distance  of  2o0 
feel,  the  dehria  of  sandy  shales  and  ihiri-bedded  calcare- 
ous QU&rtsite  occur  abundantly  in  the  southward-taciag 
hlUsliipc,  As  the  last  observed  dip  was  25°  S.,  it  is 
assumed  that  the  section  is  unbroken,  and  a  thickness  is 

assigned  to  this  division  of 3 

Fossils  :—Xuniorous  Cr.igments  of  Oleiielliis  and  easts 
of  Camerelln  inhmr  occur  in  the  calcareous  qnarizite 
interhedded  in  the  shale. 
i.  Massive-bedded,  dove  colnreil,  banded  limestones.  Strike 
N.  -nf  \V.  (Ma^,)  Dip,  ^5°  S.f  near  base  ol  series.  Al- 
tlicmjili  till-  sfciioii  is  more  or  less  conocalcil  by  soil, 
THinierouR  "\it('io]is  occur  in  quarries  to  the  south.'  These 
sliow  a  l.aiiiled  limestone  in  li.e  lower  portion  ol  thi-  s.-c- 

iil  lin.estoiH-.  usuiillv  L-lohgate'd  willi' the  liodilinir 'plane. 
-,.     ,      ,     ,     .     .  .  .        ..'-  ..j^ 

'•'M  i.ne  fouitli 
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At  a  qaarry  in  a  field  east  of  the  railroad  traok  and 
near  where  the  roadway  turns  to  the  eastward  towards 
Codorus  creek,  the  strike  of  the  limestone  is  N.  15**  W. 
(Mag.),  and  dip  15^  S.  One  of  the  layers  is  quite  fos- 
siliferous  and  gave  fine  specimens  of  a  species  of  Salte- 
rella  and  Kutorgina,  heads  of  small  trilobites  of  the 
genera  Solenopleura  i^nd  Zacanthoides,  and  numerous 
fragments  of  the  head  and  thoracic  segments  of  a 
species  of  Olenellus. 

Further  to  the  westward  in  an  old  quarry  east  of  the 
Northern  Central  R.  R.  track,  massive  layers  of  lime- 
stone are  shown  that  have  a  strike  N.  20°  W.  (Ma^.) ; 
dip  20  S.,  and  contain  fragments  of  the  genus  Olenelius 
and  Protypus.  The  next  higher  exposure  in  the  section 
is  in  a  large  and  deep  quarry  just  west  of  the  R.  R. 
track,  between  one-fourth  and  one-half  mile  south  of 
Emigsville.  About  60  feet  of  limestone  is  exposed. 
The  strike  is  E.  and  W.  (Mag.),  with  a  dip  of  10°  to 
the  south.  In  the  lower  portion  of  the  quarry  there  are 
massive  layers  of  arenaceous  limestone,  and  about  ten 
feet  from  the  summit  of  the  section,  alternating  bands  of 
earthy  and  pure  limestone  in  which  numerous  fossils 
occur.     In  the  collection  obtained  I  have  recognized  : 

Plates  of  Cystids. 

Kutorgina^  n.  sp. 

Orthisina  festinata  Billings. 

Olenellus  (fragments). 

Protypus  sejiectus  Billings. 
The  fragments  of  Olenellus  indicate  individuals  as  large 
as  any  known.  The  fossils  range  through  about  twenty 
to  twenty-five  feet  of  the  limestone.  The  layers  above 
the  fossiliferous  band  are  largely  brccciated  and  form  a 
limestone  conglomerate.  The  estimated  thickness  of  the 
entire  series  of  limestone  is 750 

In  the  railroad  cut  the  limestone  is  shown,  and,  a  little 
to  the  south  of  them,  cleaved  slates  the  bedding  of 
which  strikes  east  and  west  (Mag.)  and  dips  10°  south. 
There  is  an  interval  of  20  feet  between  the  limestone 
and  slates  covered  by  debris.  The  limestone  appears  to 
pass  beneath  the  slates,  and  from  the  areal  distribution 
of  the  slates  and  limestone  to  the  south  and  southwest 
it  is  probable  that  this  upper  band  of  slates  has  a  wide 
distribution  ;  its  thickness  is  unknown. 

An  area  of  quartzite,  No.  2  of  section,  is  colored  on  the  map 
ro  miles  N.  W.  of  Emigsville  as  of  the  same  age  as  the 
ellam  quartzite.  It  is,  as  we  now  know,  a  thinner  belt  of 
lartzite  resting  in  the  calcareous  and  sandy  shales  above  the 
lartzite  of  the  Hellam  hills.  The  next  point  determined 
BUS  the  actual  relation  of  the  Olenellus  quartzite  at  Emigs* 
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Adaros  (-oiinties,  form  the  nortliernmost  end  of  the  Blue  Ridce 

range  of  V'irffiiiia. Tiie  whole  lueaauree  aponue 

map  ten  miles  in  breadth  by  fiftj  in  longtii  upon  a  cnrve  ei- 
tonding  from  the  Miiryland  line  to  ita  eastern  edge,  fifteen 
miles  west  of  Harrisbiirg.* 

Prom  the  Pennsylvania  lino  southwest  acrof^  MarTland, 
South  Mountain  extendi,  aa  the  Blwe  Ridge,  to  Harper's  Penr, 
and  thence  southwest  across  Virginia.  It,  nlso,  practicalE; 
inclndos  the  Cotoetin  range,  on  the  eustiirn  side,  which  extendi- 
fioutli  from  the  southwestern  portion  of  Adams  county,  Peno- 
sytvania,  and  crosaes  the  Potomac  at  the  Point  of  lioclcg,  and 
from  thence  extends  sooth  a  little  west  of  Leesburgh,  Ya. 
The  Blue  Ridge  and  tlio  Ootoctin  Ridge  arc  the  eastern  and 
western  sides  of  the  mooutain  uplift  of  which  the  South  Moun- 
tain, Pennsylvania,  is  the  northern  terminus. 

The  claaaitication  of  the  rocks  of  Pennsylvania  was  eummed 
up  by  Prof.  H.  D.  Rogers  as  follows :— The  Hypozoic  rockf. 
or  those  uttderneath  any  life-bearing  strata;  Azoic,  or  those 
destitute  of  any  discovered  relics  of  life;  and  Paleozoic,  or 
those  entombing  the  remains  of  the  earth's  most  extinct  forms 
once  living  beings.t 

It  is  evident  from  Prof.  Rogers'  definition  of  the  Azoio 
group,  that  it  included  what  we  now  recognize  us  the  lower 
Oamorian  sedimentary  strata  beneath  the  ScoUthus  qoartat^, 
and,  also  an  extended  series  of  altered  rocks  that  form  ' 
nucleus  of  the  Blue  Ridge,  and  which  are  now  included 
Algoukiaii  of  the  classification  of  thf  U.  S.  Geological  Survey. 
He  regarded  the  sandstone  with  ^coHlhus  Unfaris  a,s  at  t!ic 
ba.se  of  the  Paleozoic  series,  and  considered  that  the  Primal 
slates  beneath  the  (^jiudstono.  and  in  intimate  alternation  widi 
it,  did  not  possess  a  vestige  of  organic  life. 

The  conclusions  of  the  geologisl.s  of  the  second  geologicHl 
survey  of  Pennsylvania,  are  that  there  are  two  groups  of  rocks 
forming  South  Slountnin. 

Prof.  Lesley  s:iys:  "The  northwestern  (Mt.  Ilnily)  ridge  is 
niiide  liy  wevenil  thousand  feet  of  the  luwcr  (piartxite  and  qniiru 
cuujilniiiri'atf  iK'ds.  The  woutiieastern  (Adarn^  countv")  ridfrt': 
are  ru:i.!e  by  sfvciM!  tlmu^and  feet  of  an  overlying  feldi^pathic. 
iniciii'i'iiu.i  and  chlorite  series,  intersected  by  veins  of  niilkv 
'|uaitz  "J  .  .  .  .  "  It  is  hard  to  avoid  the  inference  that  our 
youth  Mirtintaiii  rocks  represent  the  Iluronian  section  of  Murrjv 
and  Logan.  It  is  iinpi)ssi!)le  not  to  compare  tiiem  also  iviiii 
*Sccoii'i  'Icnl.  Surveyor  Pmiii.     A  fliimtnary  iloscriptiou  uf  ihc  j^eoloiij  of 

f  Tlif  (Ii'iiloiry  ri(  IViiinylvMtii;!,  vol.  i.  1S5S.  p.  <H. 

j  .^ecoNii  '  Irol   Sui-v  (if  I'l'iiii      A  siiiiiiniiry  ilei-cription  o(  the  geology  of  Penc- 
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the  great  qnartzite  masses,  the  roofing  slates,  etc.,  of  Waleott's 
upper,  middle  and  lower  Cambrian  system."* 

When  I  began  the  investigation  to  ascertain,  by  stratigraphic 
and  paleontologic  evidence,  the  geologic  age  of  the  South 
Mountain  qnartzite  and  the  associated  schists  and  slates,  I  soon 
discovered  that  there  was  very  little  prospect  of  finding  the 
trne  geologic  succession  in  the  northern  portion  of  the  moun- 
tain, in  Cumberland  and  York  counties,  owing  to  the  folding 
of  the  strata  and  also  to  the  fact  that  there  were  a  number  of 
westward  thrusts  of  lower  on  higher  beds,  and  that  as  a  result 
of  this  the  central  core  of  the  Blue  Ridge  had  been  broken  and 
thrust  over  on  the  Lower  Cambrian  beds  and,  also,  in  places, 
resting  apparently  conformably  upon  the  latter, — all  havmg  an 
eastward  dip.  The  discovery  of  Olenellus  with  Ilyolithes  com- 
munis in  the  massive  qnartzite  series  in  the  Mt.  Holly  ridge, 
just  above  Mt.  Holly  Springs  in  Cumberland  county,  proved 
that  the  great  western  mass  of  quartzites  of  South  Mountain, 
with  the  mterbedded  shales,  slates  and  conglomerates,  were  of 
Lower  Cambrian  age  ;  but  it  did  not  throw  light  upon  the  geo- 
logic age  of  the  orthofelsite  series  of  Frazer  and  the  epidotic 
rocks  of  Rogers.  In  company  with  Mr.  Arthur  Keith,  of  the 
U.  S.  Geological  Survey,  who  had  mapped  the  Harper's  Ferry 
sheet,  an  examination  was  made  across  the  ridges,  from  Mechan- 
icstown,  Md.,  to  Monterey  and  westward  to  Pikesville,  in 
Franklin  county,  Pennsylvania. 

On  entering  the  gorge,  a  little  west  of  Mechanicstown,  on 
the  line  of  the  Western  Maryland  R.  R.,  an  extended  series  of 
shales  and  slates  was  passed, — all  having  a  very  high  dip  to 
the  southeast.  About  two  miles  from  Mechanicstown,  massive 
quartzites  were  observed  with  a  high  dip  to  the  east,  and, 
higher  up  in  the  gorge,  there  was  a  repetition  of  the  slates 
found  east  of  the  quartzites.  This  section,  from  the  dip  of 
the  qnartzite,  indicated  a  synclinal  resting  on  a  considerable 
thickness  of  slates  and  shales.  A  series  of  sections,  by  Mr. 
Keith,  of  the  western,  or  Blue  Ridge  ridge  extending  from  a 
point  eleven  miles  south  of  Mechanicstown  to  Haruer's  Ferry, 
shows  that  this  same  synclinal  structure  prevails  all  along  the 
ridge,  and  that  a  synclinal  fold  of  massive  sandstone  forms  the 
summit  of  the  ridge,  below  which  a  series  of  shales  rest« 
unconformably  upon  the  subjacent  crystalline  rocks.f  The 
synclinal  structure  is  also  shown  for  the  quartzites  of  the 
eastern  or  Cotoctin  ridge. 

From  a  point  two  and  one-half  miles  west  of  Mechanics- 
town  to  Monterey,  the  road  led  across  the  epidotic  schists  of 

♦Ix)C.  cit,  pp.  147,  148. 

t  The  structure  of   the  Blue  Ridj^e  near  Harper's  Ferry.      BulU  Geol.  Soc. 
America,  voL  u,  1891,  pis.  4  and  5. 
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the  ceutrul  m-Am  of  the  range,  wliich  is  now  a  nioiiDtUD 
valley  between  the  Cotoctin  and  Blue  Ridge  rideee.  The 
achiBt  extends  to  »  point  one-fourth  to  one-half  a  mile  twyond 
tiie  Bine  Ridge  etation,  on  the  Western  MarjlaQd  B.  R. 
Fragmente  of  a  rhyolite-like,  poi-phyritic  rock*  wore  ulso  «e«i, 
that  probably  represent  the  "  bedded  petrosil ex  "  of  Dr.  Hunt, 
as  shown  two  miles  south  of  this  Monterey  road,  near  Foi- 
ville,  Maryland.  Going  down  the  road  beyond  Pen  Mir 
towards  PikeavtlJe,  there  was  an  apparent  repetition  of  the 
section  on  the  eastern  side  of  the  ridge,  near  Mechanicstown. 
Subsequently,  an  examination  was  made  of  the  section  from 
Monterey,  Franklin  county,  Pennsvlvania,  to  the  valley  on  the 
line  of  the  Wayuesborou^  turnpike.  Just  west  of  Monterey 
a  massive  quartzite  forms  a  plateau,  upon  which  the  Monterer 
hotel  is  situated.  The  dip  of  the  quartsite  is  slightly  to  the 
northwest.  A  short  distance  boyond  the  toll-gate  the  dip  t/i 
the  northwest  increases,  and  a  series  of  sandy  and  argiildceons 
shaleH  succeeds  the  qnartzile.  Following  down  the  turnpike 
toward  Waynesborough  and  near  the  foot  of  the  ridge,  these 
shales  were  found  to  pass  beneath  a  lightHjolored,  hard,  com- 
pact qnartzite  dipping  northwest,  in  which  numerous  remains 
of  Soolit/ius  linearis  occnr.  By  breaking  the  white  quartzite 
many  fragments  of  Olenellue  showing  parte  of  the  head  and 
thoracic  eef^menta  were  also  found.  In  calcareoarenaceons 
layers,  jaet  beneath  the  qnartzite,  fragments  of  Olenellae 
occur  asBoeiated  with  Bj>ecimen8of  Cain^rella  mimir.  A  series 
of  more  or  less  sandy  shales  next  appears  resting  upon  the 
Scolitlius  qiiartzito  and  liavin'j  a  ntirtliweslerlv  dip,  t"warii 
the  Viilk-y.  Aloii/,'  the  fnot  uf  the  ri(ij,'e.  low  hills  of  sandr 
shale  and  sliite  appear,  capped  with  a  thin-bedded  calcareous 
quartKite  or  sandstone.  In  the  latter,  Vtnii>'relhi  minu:: 
iIijolHhi:!'  r/0,1  III  It  III.'',  ami  fragniunts  of  Olenelliis  are  abundant. 
A  little  wet^t  i>f  these  hillw  the  limestones  of  the  valley  appear. 
In  this  liiiicsroue,  K'tt'iTijiiiit  n.  sp.,  and  frajinients  of  the  head 
and  thoracic  seginwils  of  Olenclliis  were  found  a  little  east  uf 
the  road  leadinir  up  the  eaf^t  branch  tif  Little  Antietam  creek 
and  about  threcTnilcs  east  I'i  AVaynesboroiiirh. 

If  reference  is  now  made  tn  tlii'  Vork  niunty  section  it  wili 
be  seen  tli:it  the  n|i|iei'  |>i,rliini  uf  ibe  Jbuiterey  section  ir 
essentially  a  repi'titiun  uf  it — from  tlie  Seolilhus  quartzite  1" 
the  limest.iiics  of  tlie  valley.  Tiie  .same  fossiliferous  Sclitliiis 
(|Uartzite  pas>es  liciieath  sandy  sludes  and  slates,  in  which  an' 
interbedded  calcaretius  qnart/itts  caiTving  the  Olenelhis  fauiiii: 
these  paws  beneath  the  limestones  "of  the  valley  in  V..rk 
oonntv  in  whieb  tlir  (Henelliii-  fauna  neenr.^.      In  the  Monteivv 
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lection,  however,  there  is  in  addition  a  series  of  shales  beneath 
Jie  Scolithus  quartzite,  that  rests  upon  a  massive  qnartzite 
forming  the  summit  of  the  Bine  Bidge,  west  of  Monterey  and 
[>eDeath  this  a  bed  of  slates  unconformable  to  the  subjacent 
crystalline  rocks. 

The  Blue  Ridge  was  followed  south  into  Maryland  and 
crossed  at  several  points  before  reaching  Harper's  Ferry.  All 
3f  the  section  shows  the  synclinal  structure  of  the  slates  and 
piartzites  as  represented  by  Messrs.  Oeiger  and  Keith,  in  their 
paper  upon  the  structure  of  the  Blue  Ridge  near  Harper's 
Ferry.*  South  of  Keedysville,  Washington  county,  Mary- 
land, the  quartzite,  capping  the  slate  hills  west  of  the  mam 
ridge,  was  observed  to  pass  conformably  beneath  the  limestone 
%X  Eakle's  Mills,  and  Hyolithes  communis  and  fragments  of 
Olenellus  were  found  in  the  calcareous  quartzite.  The  rela- 
tively simple  stratigraphic  structure  of  the  Monterey  section 
is  complicated  at,  and  near.  Harper's  Ferry  by  the  lower 
masBive  quartzite  forming  a  synclinal  and  being  thrust  to  the 
westward  over  the  more  recent  shales,  slates  and  limestones. 
The  structure  is  still  more  complicated  by  the  fact  that  the 
hills  of  sandy  shale  and  slate  (capped  by  the  upper  Olenellus 
quartzite)  are  thrust,  on  the  line  of  a  fault,  over  on  to  lime- 
stones which,  in  an  unbroken  section,  rest  upon  the  quartzites. 

It  was  this  primary  folding  and  subsequent  westward  thrust- 
ing, on  the  line  of  two  or  more  faults,  of  the  older  upon  the 
more  recent  strata  at  and  to  the  north  and  south  of  Harper's 
Ferry  that  led  Messrs.  Geiger  and  Keith  to  consider  that  the 
lower  quartzites  rested  conformably  upon  the  limestones  and 
were  of  Silurian  agcf 

Returning  to  South  Mountain  with  the  information  gained 
between  the  Potomac  and  the  line  of  the  Cbambersburgh  and 
Gtettysburffh  pike,  in  Pennsylvania,  and  studying  Dr.  Frazer's 
sections  (Nos.  7,  8,  9,  10,  11  and  13)^  and  also  reading  the 
descriptions  of  them,  as  well  as  Professor  Lesley's  description 
of  South  Mountain  (contained  in  Vol.  I  of  his  final  report), 
it  is  evident  that  they  have  misinterpreted  the  true  geologic 
structure  of  the  mountain  and  the  relations  of  the  rocks  com- 
posing it-  Professor  Lesley  states  that  a  massive  fault  must 
run  along  the  foot  of  the  mountain,  along  the  low  drift-filled 
valley  of  Yellow  Breeches  creek  ;  and  this  I  think  is  correct, 
as  the  Olenellus  fauna  of  the  Scolithus  quartzite  zone  occurs 
but  a  short  distance  east  of  the  foot  of  the  mountain,  in  a  syn- 

•BulL  Geol.  Soc.  Amenca,  vol.  ii,  1891,  pis.  4  and  6. 

f  Loc.  cit.,  pis.  4  and  5.  A  paper  by  Mr.  Arthur  Keith  describing  his  present 
▼iew  of  the  structure  will  be  found  in  the  Dec.  No.  of  the  Am.  Geologist  for  1892. 

\  Second  Geol.  Sunr.  Pa.  Report  of  Progress  in  the  counties  of  York,  Adams, 
Gupiberiand  and  Franklin  for  1875  published  1877. 

Ail  Joub.  Sol— Third  Sbbibs,  Vol.  XLIY,  No.  264.— December,  1892. 
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clinal  fold,  at  Mt,  Holly  Springs.  Their  error,  bowover,  U  in 
cungidcring  that,  the  "ortliufelaite"  neries  is  superior  to  the 
Gonplotnerateii,  quartzitcB  and  schiBta  which  they  referred  to 
the  Lower  series.  The  Monterey  eeetioii  shows  that  the  epi- 
dotic  schists  are  inferior  to  the  qiiurtzites  and  slatee  and,  a 
section  west  of  Wolfsville,  Md.,  that  the  "  petrosilex  "  or  rhyo- 
lite-like  eruptive  occnpies  a  similar  position.  This  typo  of 
section  is  repeated  many  times,  both  on  the  Cotoctin  and  Bine 
Kidge  sides,  from  the  Maryland  line  to  the  Potomac  and  south 
throngb  Virginia. 

Professor  Rogers  and  also  Professor  Lesley,  referred  tlw 
offsets  of  the  ranges  of  bills  of  South  Mountain,  as  shown  in 
Franklin  county  and  also  on  the  north  end  of  South  Mountain, 
to  the  terminations  of  successive  folds  of  the  rocks  forming 
the  mountain.  My  impression  is  that  these  offsets  and  also  the 
complicated  structure  of  the  mountain  arise  partly  from  fold- 
ing, out  more  largely  from  the  westward  thrusts  of  masses  of 
strata  along  the  line  of  faults  of  a  tow  hade.  This  westward 
thrusting  on  the  fault  planes,  complicated  by  previous  foldinzs 
of  strata,  leaves  masses  of  the  subjacent  pre-Paleozoic  roc^ 
resting,  in  various  places,  on  different  members  of  the  lower 
Cambrian  series,  and  also  appears  to  interbed  the  quartzitec 
and  slates  of  the  Cambriun  in  the  schists,  eruptives,  etc.,  of 
the  Aljjonkian.* 

The  key  to  the  enccession  of  the  lower  Bediraentary  rocks  of 
Marvland  and  Pennsylvania  is  contained  in  the  Balcony  Falls 
section  of  Virginia,  although  it  can  now  iie  determined  by  a 
study  of  the  section  at  Monterey  and  to  tlie  south,  along  the 
Bine  Kidge  ti)ward  Harper's  Ferry. 

\n  a  letter  received  from  Professor  Lesley  and  dated  Feb- 
ruary 22d,  ISDl,  he  asks:  "  Is  it  iiupos;;ihle  that  there  should 
be  agreement  l)etween  the  Balcony  I'alls  section  of  Virginia 
and  the  Mt.  Holly  Springs  section,  three  hundred  miles  apart  ?" 
He  says,  further,  after  commenting  upon  the  possible  relations 
between  the  Balcony  Falls  section  an(I  that  at  South  Mountaia, 
in  speaking  of  the  strata  of  the  Balconv  Falls  section  :  '■  But 
whiit  is  2,(iOl>  feet  or  L',50o  feet  to  lo,i)Oti  feet  to  20.0nO  feet  of 
qu-irrnite.';  and  slates  making  (apparentlv — not  certainly — )  ll)t- 
Si.iith  Mountains?  We  are  still  in  the  dark  about  *(/}«>;■-'  and 
«t;//  piisitiiins  :  about  ahsotiee  or  prct^ence  of  overturn  roll.e,  etc. 
I  am  only  gre;itly  impressed  with  the  broad  fact  that  we  seem 
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to  have  the  Haronian  mass  rising  to  view  in  the  South 
If onntains  of  the  Atlantic  States." 

I  think  that  the  view  of  Messrs.  Frazer  and  Lesley  that  sach 
g^at  thicknesses  of  strata  occur  in  Soutli  Mountain  arises 
from  the  fact  that  these  "  great  thicknesses  "  are  but  repeti- 
kionH  of  both  the  Cambrian  and  pre-Cambrian  strata  from 
foldings  and  overthrust  faultings  and  also  from  their  not  dif- 
ferentiating between  the  cleaved  schistose  eruptives  of  the 
Algonkian  and  the  bedded  and  often  cleaved  sedimentaries  of 
the  lower  Paleozoic. 

The  section  at  Monterey  and  along  that  portion  of  the^  Blue 
Ridge  is  roughly,  as  estimated  from  the  data  obtained  by  Mr. 
Keith  to  the  south  and  from  the  Monterey  section,  reading 
from  below  upwards,  as  follows : 

Feet. 

1.  Shales    and    slates,   well   shown   near    Mechanicstown, 

Maryland,  and  in  numerous  sections  along  the  Blue 
Ridge 300  feet  to      400 

2.  Coarse-grained  and  bluish -gray  quartzite 1 000  to  1 200 

At  several  localities  the  shales  of  (1)  appear  to  be 
replaced  by  bands  of  conglomerate  and  shale  ;  and  many 
of  the  layers  of  (2)  are  conglomeritic  to  a  greater  or  less 
extent. 

5.  Sandy  shale,  with  interbedded  layers  of  quartzite 800 

i,  Scolithus  quartzite,  with  interbedded   calcareous  sand- 
stones and  shales 500 

Foaaih: — Camerella  mhior^  and  fragments  of  Ole- 
nellus. 
5.  Sandy  shales,  with  a  series  of  calcareous  quartzite  near 

the  summit ;  about 450 

Fossils: — Camerella    minor ^   Hyolithes  communis, 
and  fragments  of  Olenell'us. 

3.  Mottled  limestone,  with  intercalated  sandy  and  shaly 

layers 800  to  1000 

Fossils: — KtUorgina  n.  sp.,  and  fragments  of  Ole- 

nellus 

This  portion  of  the  section  is  succeeded  by  the  valley 

limestone,  more  or  less  of  the  lower  portion  of  which  is 

probably  of  middle  and  upper  Cambrian  age. 

The  section  includes  from  3,000  feet  to  3,500  feet  of  sand- 
stones and  shales  before  reaching  the  limestones.  In  a  number 
>f  localities  a  conglomerate  was  observed  in  the  Lower  sand- 
stone series,  in  which  fragments  of  the  pre- Paleozoic  crvstalline 
rocks  were  imbedded.  This  phenomenon  was  observed  on 
South  Mountain,  in  the  conglomerates  mentioned  by  Prof. 
Lesley,  and  also  along  the  Blue  Ridge  and  the  Cotoctin  ridge 
to  Harper's  Ferry ;  the  conglomerate  character  of  the  rock 
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Tarring  very  mncli  in  the  character  and  size  of  tlie  noarser 
luaterial.  The  feldepathic  character  of  these  shales  and  sand- 
Btonea  is  very  distinctly  marked  beneath  the  ScoliUiua  quartz- 
ite,  both  in  the  Balcony  Falls  and  the  Monterey  sections. 

If  these  two  eectionn  are  compared  with  that  at '*  Chiqne* 
Roek"  and  sonth  to  Columbia,  in  Lancaster  county,  Pa.,  it 
will  be  at  once  observed  that  the  Scolithns  qiiartzitc,  while 
the  highest  band  of  ouartzite  in  the  Balcony  Falls  and  the 
Monterey  sections,  is  tiie  lowuat  in  tho  "Cbiquea  Rock"  see- 
tion  which  has  the  lower  feldspathic  Bandsloiie  and  shales 
apparently  above  the  ScoHthus  qnartzite.  It  is  from  this  fact 
that  it  is  stated,  in  the  first  part  of  this  paper,  thai  the  feld- 
spathic  eandstones  and  filiales  were  thmet  over  on  the  Scolithut 
Bsndroek  in  the  "  Chiques  Rocka"  section. 


Aht,  LSV. —  The  Votfunic  Hocks  of  South  Mountain  m  J 
Pennsylvania  and  Maryland ;  by  Gkobge  H.  Wiuxuta.  1 
With  Plate  X  * 

Contmta. — 1.  Object  of  this  paper.  3.  Sup|)0(>ed  B^menlary  origin  of  the 
South  Mountain  volcanic  rwks.  3.  Petrogrsphical  churacier;  a]  Tho  add  ructi 
— riijolites;  b)  The  bnaie  rock4 — bnsolls;  c)  The  pjrocljksijc  depoate — taO*  iwd 
breccias.  4.  Goolo^cal  occurrence  and  reluUoos  to  the  MadBtone.  5.  Chemical 
BltomdMT)  nnri  inG'.iiuoqihiain.     <i.  Comjmriwon  with  tilher  rpgiona. 

[Rend  before  (he  tTattonal  Acttdemy  of  Sciences,  Not.  2,  1S9!.] 

1.  Ohj,',H  of  thix  pajio-.—lt  is  the  object  of  the  present 
ootniniinication  to  announce  the  identification  of  an  extensile 
area  of  vei-y  ancient  volcanic  rocks  which  compose  an  im- 
portant part  of  the  South  Mountain,  south  of  the  yusquehanna 
River.  The  brief  preliminary  description  of  these  rocks, 
which  is  all  that  can  now  be  attempted,  will,  it  is  hoped,  suf- 
fice to  show  tliat  the  hitliei-to  accepted  theory  of  their  sedi- 
mentary  origin  has  been  based  on  a  misinterpretation  of  the 
facts  wliicli  they  exhibit. 

The  rocks  in  question  preserve  abundant  and  convinciii,!: 
evidence — both  sti-ucturai,  cheuiical,  and  pctrographical— i>f 
their  oriiriiiiil  character  and  genesis.  At  the  same  time  lliev 
show  various  phases  of  alteration  by  rucrystaliization  anil 
dynamic  ;igciicics  wliieli  ivnder  them  valuable  for  the  study  of 
many  pioblema  of  metaiuorpliism, 

*  Tile  writir  i-  miiliT  jrroat  i)UipritionB  lor  miin.v  of  the  facta  coulaiiipd  in  lliif 
paiwr  III  Mil's  Kliin'iicc  liascuni,  who  has  iiinpiHMl  in  yrcHl  detail  one  iif  ilie  iin"'' 
divor-iliiHL  iwrtions  i>l'  Si.iith  Moiuilain,  near  .Monterey.  I'a.      Sho  has  colle,'leJ  J 
larRe  umteriiil  npon  wliioli  ?lie  is  now  nt  work  at  the  Johns  Hopkins  t'nirersilj.       i 
and  her  rc-'iilL'',  to  Ijc  piiblislieil  in  due  time  as  u  thesiB,  will  ({o  far  toward  fur-       ' 
nishiog  delsiled  proof  of  the  general  conclusioDS  licre  set  forth. 
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South  Mountain  rises  abont  fifteen  miles  west  of  Harris- 
burg  and  extends,  as  niiky  be  seen  on  tbe  accompanjiiis  map, 
in  a  great  sickle-slinped  cprve  to  the  Maryland  line.  Here  it 
divides  into  two  purte,  known  as  Catoctin  MouataiD  and  the 
Blue  Kidge,  wbicli  diver;^  at  a  small  angle  and  unclu^  the  tri- 
angular Middlctown  valley,  nurtli  of  tbu  Potomac 

Uiiring  the  past  numnier  the  writer  devoted  considerable 
time  to  mapping  the  volcanic  rocks  of  this  region  and  to  col- 
lecting suitable  material  for  laboratory  study.  This  has  at 
preseut  only  been  fairly  entered  upon,  so  that  subsequent  com- 
munications giving  more  detailed  results,  may  be  expected. 

2.  Supposed  aedlmentary  origin  of  th^  South  Mountain 
Volcanic  Tockn, — Aa  far  as  is  known  to  the  writer,  volcanic 
rocks  have  not  hitherto  been  definitely  described  as  snch  in  the 
Appalachians.  The  rocks  here  under  consideration  have  long 
been  known  to  geologists,  but  they  have  before,  with  the  ex 
coption  of  a  few  of  the  most  massive  greenstones,  been  geo- 
erully  regarded  as  of  sedimentary  origin. 

Professor  Henry  Rogers  in  1858  speaks  of  South  Mountain 
southwest  of  the  SuBf|uehanna,  aa  embracing  "a  singularly 
small  amount"  of  igneous  rock.  He  alludes  to  the  cleaved 
groeiiBtones  as  "dark  green  slate,"  and  to  the  acid  porphyries 
and  felsites  as  "  highly  melanmrphic  Primal  slate."  He  con- 
tinually contrasts  the  highly  altered  alate  and  the  unaltered 
sandstone,*  although  in  reality  one  rock  is  scarcely  more 
changed  than  the  other. 

Philip  TvsDii,  111  bis  first  ro]nirt  as  State  Afiricnltural 
Chemist  made  in  ISiiO,  speaks  of  the  sandstone  of  Soutli 
Mountain  as  Pot:*dam  and  says  that  it  contains  fossilized  steins 
of  jiiants.  He  also  says:  "A  A-Ain,  varying  in  color  from  gray 
to  brownish  and  greenish,  is  ranked  as  an  argillite,  but  portions 
of  it  assume  a  marked  talcose  appearance,  especially*  in  C:itoc- 
tin  mountain,  where  it  has  been  much  disturbed  and  altered 
by  proximity  to  intrusive  rocks.     These  last  consist  of  aniphi 
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bedded  with  hydromica  and  chloritic  schists.*  Regarding  the 
origin  of  these  latter  rocks,  which  like  the  conglomerate  were 
placed  below  Rogers'  primal  sandstone,  Dr.  Frazer  made  the 
following  statement  in  1877,t  repeating  it  two  years  later ::{: 
"  The  porphyry  which  carries  the  copper  of  this  region  shows 
no  character  of  igneous  action,  but  occurs  in  coarse  and  thin 
beds,  more  or  less  disintegrated,  and  in  some  localities  reduced 
almost  to  the  state  of  kaolin." 

Dr.  T.  Sterry  Hunt  announced  to  the  American  Association 
for  the  Advancement  of  Science  in  1876  that  he  had  identi- 
fied petrosilex  or  halleflinta  in  South  Mountain,  which  he  had 
examined  with  Dr.  Frazer.§  Dr.  Hunt's  concurrence  in  1879 
with  Dr.  Frazer's  opinion  above  cited,  and  his  constant  use  of 
the  term  bedded  petrosilex  suflSciently  indicate  that  he  re- 
garded these  rocks  as  sedimentary.  He  however  correctly 
compares  the  South  Mountain  rocks  with  others  in  Missouri, 
the  Lake  Superior  region,  eastern  Massachusetts,  Maine,  and 
New  Brunswick,  since  shown  to  be  volcanic,  although  he  saw 
in  this  similarity  only  evidence  of  their  "  Huronian  "  age. 

The  nearest  approach  to  a  recognition  of  the  South  Mountain 
rocks  in  Pennsvivania  as  volcanic  was  made  by  Mr.  J.  F. 
Blandy,  who  described  the  copper-bearing  rock  in  1879  as 
amygdaloid  trap^  and  correlated  it  with  the  similar  flows  near 
Lake  Superior.  The  acid  felsites  however  were  regarded  by 
Mr.  Blandy  as  slate.  |{ 

In  his  recent  iinal  volume  on  the  Geology  of  Pennsylvania, 
Professor  Lesley  follows  in  the  main  Df.  Frazer's  classification 
of  the  rocks  of  South  Mountain.  Although  he  considers  that 
the  sandstone  probably  represents  the  "  Huronian  "  of  Logan 
and  Murry,  ho  says  it  is  impossible  not  to  compare  it  with 
Walcott's  Cambrian  System.  The  supposed  overlying  feld- 
spathic  felsite  series  (orthofelsite  of  Frazer)  Lesley  estimates 
as  6,000  feet  in  thickness,  and  everywhere  speaks  as  though  he 
regarded  it  of  sedimentary  origin.^ 

The  cause  of  the  prevailing  misconception  regarding  the 
volcanic  rocks  of  South  Mountain  is  not  difficult  to  find. 
Their  accompanying  accumulations  of  tuflE  beds  and  breccias, 
and  the  fact  that  they  are  generally  cleaved  parallel   to  the 

*  Report  of  Projrivsa  in  the  counties  of  York,  Adams,  Cunil)erland  and  Frank- 
lin.    Second  Geol.  Surv.  of  Penn.  CC  for  1875.     Harrisburg,  1877,  p.  285. 

+  "  Copper  Ores  of  Pennsylvania."  Polytechnic  Review,  vol.  iii,  p.  170.  April 
28,  1877. 

^  Trans.  Ani.  Inst.  Min.  Engrineers,  vol.  vii,  p.  338,  1879. 

gProc.  Am.  Assoc.  Adv.  Sci.,  1876,  pp.  2J1,  212,  and  Second  Geol.  Survey  of 
Penn.,  vol.  E,  1878,  p.  193. 

I  '*  The  Lake  Superior  Copper  Rocks  in  Pennsylvania."  Trans.  Am.  Inst.  Min. 
Engineers,  vol.  vii.  p.  331,  1879. 

If  A  Summary  description  of  the  Geology  of  Pennsylvania  by  J.  P.  Lesley, 
State  Geologist^  vol.  i,  p.  146,  1892. 
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great  strncture-plaiieB  of  the  mountain,  have  all  Iwen  readily 
interpreted  as  indications  of  Btratification  and  conformity.  Tlie 
c1eavag;e-dip  in  the  sandstone  bae  often  been  mistaken  for  bed- 
ding, while  the  thin  jointing  and  elaty  structure  of  thft  lavae, 
thougii  a  secondary  feature,  have  seemed  to  geolo^sts  not 
ver^  faijiiliar  with  recent  volcanic  rocks,  sufficient  proof  of 
sedimentary  origin. 

In  spite  of  great  age  and  some  alteration,  however,  the 
volcanic  rocks  of  South  Mountain  have  preserved  all  the 
essential  characteristicB  of  our  recent  rhyohtes  and  basalts  in 
such  perfection  that  the  proofs  of  their  real  nature  are,  to  the 
student  of  comparative  petrography,  overwhelming,  while  to 
all  who  will  candidly  examine  them  they  must  be  at  least  con- 
vincing. 

S.  I'etri'graphieal  Character. — Approximately  175  square 
miles  of  the  area  of  South  Mountain  is  occupied,  between  Mt. 
Holly  and  the  head  of  the  Middleton  valley,  wMh  volcanic 
rocks.  These  belong  to  two  types  which  exhibit  sharp  con- 
trasts of  color,  composition  and  weathering.  One  type  is 
inclined  to  tints  of  red,  pink,  bine,  or  purple ;  is  acid  in  com- 
position ;  generally  porphyritic ;  and  weatliers  into  thin  s!ab& 
The  other  type  is  almost  invariably  of  a  green  color;  biisic  in 
composition ;  frequently  amygdaloidal ;  and  weathers  into 
rough,  angular  blocks.  The  rocks  of  the  first  type  have  been 
called  felsite,  orthofelsite,  porphyry,  or  petrosilex ;  those  of  the 
second,  trap,  greenstone,  chlorite-slate,  or  epidote-slate.  In 
view,  however,  of  the  perfection  with  which  these  rocks  have 
preserved  the  most  etiaracteristic  features  of  their  modern 
equivalents,  there  is  no  reason  why  they  should  not,  like  thein, 
be  tenned  rhiji/liivn  and  haif<ilt».  The  insignificance  of  mere 
ago  iis  a  factor  in  rock  nomenclature  is  now  so  fully  recojjtni/.ed 
that  we  may  with  propriety  employ  the  names  of  our  reueiit 
lavas  for  rocks  of  any  geological  horizon,  when  we  can  prove 
bevond  doubt  their  identity. 

It  is,  of  course,  ti.>  be  cxpiicted  that  many  rocks  of  inter- 
mediate character  will  lie  fyuud  within  this  volcanic  area. 
Since  the  petroiri-iphical  and  chemical  study  has,  however, 
only  begun.  ;iiid  piiici-  the  contrast  above  noted  is  so  well 
defined,  the  distinct  iciji  I'f  two  types  may  at  present  be  regarded 
afi  sutti(-icnt. 

a\  TIf  'fill  i-d'-ki.  rhijoVdes. — The  rocks  of  the  acid  type 
occupy  somewhiit  mure  than  two-thirds  of  the  volcanic  area  of 
South  Mountain — (see  map).  They  occur  in  dykes  and  flows 
forming  a  hoily  I'f  great  thickness;  they  are  uccuuipiniicd  bv 
ashes,  tntfsand  breccias;  they  are  usually  porphyritic.  thoiigii 
not  iilwiivs  so:  they  exhibit  tiie  characteristics  of  recent  glassv 
and  half-glassy  rocks — flow-structures,  perlitic  structure,  litho- 
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!,  Bphemlites  (in  masBes,  in  layers  and  in  chains),  axiolites, 
3,  amygdaloids,  etc.,  etc. — in  hardly  less  perfection  than 
lecimens  which  Professor  Iddings  has  so  admirably 
>ed  from  the  Yellowstone  Park. 

Be  structures  are  preserved,  in  spite  of  the  recrystalliza- 
:  the  entire  rock  substance  into  a  fine  mosaic.  They  are 
>re  most  apparent  in  hand  specimens,  especially  when 
it  out  by  weathering ;  or,  under  the  microscope,  they 
;tpr  seen  in  ordinary  than  in  polarized  light,  as  was  the 
ith  the  old  glass  breccia,  recently  described  by  the  writer 
he  Sudbury  region.* 

following  is  an  analysis  of  a  rhyolitc  specimen  from 
ladhills  road,  near  the  Bigham  Copper  mine,  on  the 
side  of  Pine  Mountain,  made  by  Mr.  C.  Hanford  Hen- 

of  Philadelphia,  and  published  in  1884.t  This  is  a 
ypical  rhyolite  analysis.  When  compared  with  analyses 
most  recent  acid  lavas,  the  iron  may  seem  a  little  high 
e  alumina  a  little  low,  but  on  the  whole  the  close  agree- 
s  a  surprise. 

SiO 73-62 

A1,0, 12-22 

Fe,0, 2-08 

FeO 4-03 

CaO 0-34 

MgO   0-26 

Na,0 3-5V 

K,0 2-57 

Ign 0-40 

Total 99-09 

macroscopic  features  of  the  rhyolite  are  the  best  proofs 
;rue  nature,  for  weathering  brings  out  on  the  surface  of 
5k  each  delicate  detail.  In  this  way  we  discover  every 
teristic  of  glassy  rocks,  though  there  is  no  glass  now 
ling.  Plate  X,  fig.  1,  shows  in  photographic  reproduc- 
specimen  five  inches  long,  covered  with  lithophysse  as 
b  as  any  the  Yellowstone  can  furnish.     Their  delicate 

are  a  pale  pink,  while  the  base  has  weathered  white. 
I  lens  the  radiating  and  minutely  fluted,  concentric  struc- 
an  be  traced  distinctly.  Fig.  4  (p.  488),  gives  a  some- 
liagramraatic  idea  of  this  structure. 
e  X,  fig.  2,  shows  the  delicate  lines  of  flow-structure  ae 
•e  displayed  on  the  weathered  surface  of  a  specimen  which 

.  Geol.  Soc.  Am,  vol.  ii,  p.  138,  1891.  Adii.  Kept.  Gcol  Surv.  Can.  for 
,  F,  p.  76,  1891. 

e  Copper  Deposits  of  South  Mountain,"  by  C.  H.  Henderson.  Trans.  Am. 
ling  Engineers,  vol.  xii,  p.  90. 
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in  its  ititerior  is  a  hotDogcniious,  dark  piirpio  feUite.  On 
other  speciiiieiis  those  How  lines  are  even  more  sioiioiis.  This 
8{>ocimun  wns  merely  selected  from  a  great  variety  becaaae  it 
appeared  well-titted  for  reproductioa. 

At  Bome  localitieE  the  rhyolite  is  crowded  with  Bphemlitea- 
Plate  X,  fig.  3,  represents  a  large  specimen  found  north  of 
the  junction  of  Cop[>er  run  with  loin's  Creek,  Here  the 
Bphenilitcs  make  moat  of  the  maeeand  have  no  ree;ular  arrang:e- 
nient.  They  have  the  size  of  large  peas.  In  other  esses  llie 
BphernUtes  arc  of  smaller  size  and  more  sparsely  distribnted. 
Thoy  are  then  not  infrequently  arranged  in  layers  as  described 
by  fddings  in  the  Yellowstone  obsidian.*  One  specimen  from 
Raccoon  Creek  (No.  143)  shows  small  but  very  perfect,  gtey 
spherulites  distributed,  singly,  in  layers  or  in  large  aegregata 
through  u  black  base  whicli  was  once  probably  obsidian.  In 
appearance  it  is  not  unlike  the  well  known  specimens  from  the 
Lipari  Islands, 
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■  idea  that  the  felsite  and   porphyries  were 
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stratified.  It  seems  to  be  qaite  independent  of  the  presence  or 
Absence  of  phenocrysts  in  the  rock. 

Still  another  characteristic,  which  the  South  Mountain  rhyo- 
lites  possess  in  common  with  many  recent  lavas,  is  what  we 
may  call  the  eutaxitic  structure.*  This  consists  of  the  close 
intermingling  of  two  portions  of  the  magma  which,  on  account 
of  some  sliglit  diflEerences  in  chemical  composition  or  hydra- 
tion, show  a  marked  contrast  in  color.  The  two  portions  may 
be,  for  instance,  black  and  white,  pink  and  blue,  or  red  and  gray. 
They  mingle  so  as  to  produce  in  some  cases  an  irregular  mott- 
ling; in  others  a  complex  series  of  interlacing  bands  which 
bring  out  the  flow-structure  in  a  striking  manner.  Specimen 
No.  145,  from  Raccoon  Creek,  shows  small  black  areas  resemb- 
ling shreds  of  glass,  imbedded  in  a  pink  base  which,  on  a 
weathered  surface,  appears  snow-white. 

Amygdaloidal  structure,  representing  old  vesicles  more  or 
less  elon^ted  by  motion  in  the  viscous  mass,  is  much  less  com- 
mon in  the  acid,  than  in  the  basic  rocks.  Fine  examples  of  it 
were,  however,  found  at  the  Bighain  Copper  mine;  along 
Raccoon  Creek  and  at  the  eastern  end  of  the  Jack's  Mountain 
tunnel  (Nos.  20,  147  and  7).  As  a  microscopic  feature  this 
resicular  structure  is  still  more  common,  (see  fig.  6).  Per- 
Sfete  parting,  so  characteristic  of  glassy  rocks,  may  be  detected 
Ipacroscopically  in  many  felsite  specimens. 

The  microscopical  characters  of  the  South  Mountain  rhyo- 
Stes  are  far  too  varied  to  be  described  in  a  brief  paper  like  the 
piesent.  It  must  suffice  to  say  that,  in  spite  of  the  recrystal- 
ontion  of  the  substance,  we  still  find  in  great  perfection  all 
the  essential  features  of  the  most  recent  acid  lavas.  Corroded 
and  skeleton  phenocrysts  of  quartz,  micropegmatitic  inter- 
growths  of  quartz  in  feldspar  phenocrystSjf  and  phenocrysts 
broken  by  the  flow  movement.  In  the  groundmass  we  find 
spherulitic  tufts,  axiolites,  elongated  vesicles  tilled  with  quartz, 
trichites  and  globulites  in  great  variety,  which  bring  out  each 
detail  of  flow-structure.  All  the  particulars  of  microscopic 
structure  call  for  extended  study  and  description.  For  the 
present  purpose,  however,  which  is  merely  to  establish  the 
character  of  these  rocks,  what  has  been  said  must  suffice. 

In  mineralogical  composition  the  South  Mountain  rhyolites 
are  quite  uniform.  When  phenocrysts  are  present,  the  most 
abundant  are  alkali  feldspar.  Quartz  in  rounded  bipyramids 
is  always  to  be  found  with  the  feldspar  under  the  microscope, 
dthongh  it  is  not  so  often  apparent  to  the  unaided  eye.  In 
only  a  single  instance  (No.  257D,  from  the  head  of   Miney 

•Fritschand  Reiss:  Tenerife,  p.  414,  1868.     Rosenbusch:  Die  Massigen  Ge- 
steine,  2d  Ed ,  p.  625. 
f  J.  P.  Idding^ :  loc.  cit.,  p.  274  and  Plate  xv. 
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run)  has  an>  forro-inB^Deemn  conntituent  as  yet  been  detected 
In  tilts  case  biutitu  ib  abundant  ae  an  original  mineral  The 
^lonndiiaes  of  the  phvolites  is  for  the  most  part  a  qnani  1 
feldspar  mosaic  of  varying  grain  uinch  of  wiiicD  is  the  result 
of  deMtribcitirn  and  reeryBtallization  though  eome  of  it  k 
also  probnbK  onf,ina]  micro^ranite. 


Utn., 


Attention  has  been  called  by  Tyson,*  Huntt  and  Frazer^ 
to  the  beiuity  of  tlie  South  Mniintnin  porpliyriei:,  iuid  t.i  ilie 
fact  that  they  are  so  susceptible  of  a  higli  polisii  as  to  make 
theni  valii;il)le  for  decorative  purposes.  Many  of  them  closely 
resemble  tJic  famous  jwrjii/o  rosmi  aiitlco  of  Egypt,  which  if 
largely  used  by  the  lapidaries  of  Rome. 

h)  The  liasi'!  rocks,  fictsaltn. — The  basic  lavas  of  Soiilb 
Mountain  occupy  an  area  about  one-half  as  large  as  that  cot- 
cn-A  by  the  acid  ones  They  reach  tlieir  maxiiiinni  develop- 
ment near  the  State  line,  where,  along  the  southern  edge  of 
Pennsylvania  and  for  a  considerable  distance  into  Maryland, 
they  form  the  entire  width  of  the  volcanic  belt.  Xorfh  and 
south  of  this  main  body,  the  basic  rocks  or  greenstone?  arc 
everywhere  met  with  as  narrow  bands  intersecting  the  rli}- 
olitcs  and  following  the  genend  trend  of  the  mountain.  Thwe 
bands  differ  much  in  tlieir  width,  but  seem  to  be  most  devtl- 
opc'i  uloui,'  the  eastern  flanks  of  Green  Ridge  and  Piiief 
Mouiit;.in; 
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These  rocks  have  been  more  generally  sheared  into  slates 
than  the  acid  lavas.  The  chemical  alteration  which  has  gone 
on  in  them  is  also  in  general  greater.  Still  large  masses  of  the 
basic  rocks  have  been  but  little  altered  and  remain  quite 
massive.  These,  which  are  locally  known  as  "  copper  rock," 
are  the  only  members  of  the  volcanic  series  whose  igneous 
origin  has  been  heretofore  conceded.  They  are  for  the  most 
part  very  fine  grained,  vesicular  flows,  whose  original  structure 
IB  still  so  welT  preserved  that  they  may  with  propriety  be 
called  basalts. 

The  following  analysis,  also  by  Mr.  C.  H.  Henderson,  of  a 
massive  greenstone   from    the   Bechtel    copper  shaft,  Bnssel 
mine,  is  published  by  Dr.  Frazer.*    This  is  a  normal  basalt 
snalysiB,  indicating  as  little  chemical  change  in  the  basic  rocks 
SB  the  one  given  above  does  in  the  acid  rocks. 

SiO 41-280 

A1,0, 18-480 

Fc.O, 9-440 

FeO 8-200 

CaO 7-040 

MgO 7-486 

NaO 3-523 

K,6 2-208 

Ign 2-740 

Total 100-397 

Basic  volcanic  rocks  never  exhibit  so  great  a  variety  of  struc- 
ture forms  as  characterize  the  more  acidrhyolites.  The  South 
Mountain  basalts  are  usually  homogeneous,  dark  to  pale  green 
masses  which  rarely  show  any  microscopical  phenocrysts  and 
whose  most  constant  feature  is  amygdaloidal  structure.  These 
cavities  vary  greatly  in  size,  shape,  and  abundance.  They  are 
often  elongated  by  flow-motion  in  the  lava  and  are  now  filled 
with  a  number  ox  secondary  minerals,  the  most  abundant  of 
which  are  epidote,  chlorite,  quartz,  and  zeolites.  Traces  of 
original  glass  or  spherulitic  structure  (variolite)  have  not  yet 
been  detected  in  the  basalts. 

The  mineral  constituents  of  basic  rocks  are  more  subject  to 
alteration  than  those  of  acid  ones.  It  could  not  be  expected 
that  basalts  so  ancient  and  so  vesicular  as  those  of  South 
Mountain  would  escape  all  change,  but  it  is  a  surprise  in  many 
cases  that  this  change  has  been  so  small  The  ferro-magnesian 
constituents  have  always  altered  to  epidote,  chlorite  or  serpen- 
tine, but  the  structure  is  frequently  preserved  in  its  minutest 

♦  **  Hypotheais  of  the  structure  of  the  Copper  belt  of  South  Mountain,"  Trans. 
Am.  Inst  Min.  Enfjc^^eers,  vol.  xii,  p.  82,  1883-4. 
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detail,  llnrfer  tlie  microscope  the  ophftic  network  of  feldsjiar 
laths  is  fitill  fresh,  and  the  aelicate  twinning  as  distinct  as  in  s 
recent  lava.  The  form  of  the  baealiic  magnetite,  of  the  olivine 
phenocryste,  and  of  the  interstitial  pyroxene  is  also  plainly 
visible,  while  the  arrangement  of  tlie  feldspar  microlitlB 
among  the  oval  vesicles  clearly  indicates  tlie  motioii  of  tiie 
still  viscone  ma<^s. 

Fig.  8  gives  two  types  of  the  basaltic  strnetnre.     The  om 
on   the  left  shows  Bkeietou  pheuocrysts  of  olivine  and  a  fine 
L     .  .grained,  ophitic  groiindmass. 

Fij;.  H,  nm^;.  :.  clinmctorfi. 
Iftl  linlf.—Mn^aW    ivilli    skdpton    oliTiiim,   opliilk  Mnictiirr.    fresli   feW»|or. 
.4Tiiytrili>U'!<  lllliil  with  ijimrtz  ii[id  cliliirite.      Rnilrixid.  ea^t  of  Moiilcrov.  Pn. 
ih'jhl  h"lf — Sonicwli;il  ciBirwrr  (rrainnl  Isisiilt.    Am.vBilnlea  lillcd  with  leolito; 


Hoth  have  large  aitiygdules  which  ai'e  either  oval  or  oi 
irregular  shape,  and  filled  with  different  minerals. 

c)  /'t/roi-/a«tii-  ilcponiU.,  /"Jf'»  'tjul  breccias. — As  is  generally 
the  case  with  large  accii  in  illations  of  siirfaee  ernptioiis,  the 
South  Mountain  lavas  are  accoTnpanied  by  extensive  depofil* 
<ii  ]>yri.>cliistic  material.  This  includes  coarse  flow-  and  tuff- 
breccias,  piiinicciiii.'-  hoiiihs,  and  banded  ace iiin illations  of  tine 
volcanic  ash.  Like  llie  niii^sivc  rocks,  this  fragmental  matter 
is  both  iicid  an<l  basic  in  composition. 

The  most  striking  and  important  area  of  acid  tnffs  covers 
abunt  a  sipiiire  mile  in  the  Rnchanan  valley,  at  the  eaeteni  base 
of  I'iiicy  Jloiiiitain,  two  miles  north  of  the  Chamhershni^ 
tnrnpikc.  Here  tlio  i-ock  is  a  hreccia  whose  component  frag- 
ments vaiy  from  two  or  three  feet  in  diameter  to  the  finef! 
ash.     All  liixes,  shapes.  :ind  colors  are  heterogeneoiisly  mingled, 
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and  the  result  bears  a  superficial  resemblance  to  the  well- 
known  triassic  breccia  ("Potomac  marble,"  "calico  rock")  of 
the  Frederick  valley.  The  material  in  this  case,  instead  of 
being  limestone,  is  entirely  rhyolite,  and  exhibits  remarkable 
variety  of  structures  and  colors.  Both  flow-  and  tuff-breccias 
occur  here,  while  a  portion  of  the  mass  has  been  sheared  into 
a  quite  fissile  slate.  Similar  acid  tuffs,  though  of  less  striking 
appearance,  occur  at  many  other  points  (Raccoon  Creek,  Mon- 
terey, old  Furnace  road,  etc.),  and  will  doubtless  continue  to 
be  discovered  as  the  examination  of  the  region  proceeds. 

Fragmental  deposits  consisting  wholly  of  basaltic  material 
abound  along  the  Western  Maryland  railroad  near  Monterey, 
and  farther  south.  The  finer  cementing  material  is  in  these 
almost  always  altered  to  epidote.  It  is  also  not  uncommon  to 
find  coarse  breccias  consisting  of  both  the  acid  and  basic  types 
of  rock,  but  a  careful  search  has  thus  far  failed  to  discover 
any  fragments  of  sandstone  in  these  pyroclastic  beds. 

4.  Geological  occurrence  and  relatione  to  the  Sandstone. — 
No  evidence  is  necessary,  beyond  the  petrographical  charac- 
ters above  described,  to  establish  the  igneous  and  volcanic 
nature  of  the  South  Mountain  rocks.  Additional  evidence  of 
a  purely  geological  kind  is  not,  however,  wanting.  The  vicis- 
situdes throu^  which  these  ancient  rocks  have  passed,  and 
their  present  inadequate  exposure,  tend  to  obscure  their  orig- 
inal relationships,  rfevertheless  dykes  may  be  seen  at  various 
Joints,  especially  at  the  western  end  of  the  railroad  tunnel  on 
ack's  Mountain,  where  an  amygdaloidal  red  felsite  cuts  the 
massive  and  schistose  greenstones.  Further  exploration  will 
doubtless  bring  to  light  many  similar  occurrences.  Successive 
flows  are  not  now  easy  to  separate,  but  the  amygdaloidal  and 
fluidal  structure  of  the  rocks  indicates  that  they  must  have 
been  extruded  in  this  form. 

The  age  of  the  South  Mountain  volcanics  and  their  relations 
to  the  sandstone  in  which  Mr.  Walcott  has  recently  identified 
the  lower  Cambrian  fauna,  are  points  of  great  interest.  The 
hypothesis  of  the  Pennsylvania  geologists  that  the  green- 
stones and  felsites  lie  above  the  sandstone  is  evidently  incor- 
rect. It  may,  however,  be  regarded  as  an  open  question 
whether  the  volcanic  rocks  represent  a  much  older  horizon, 
which  was  already  eroded  before  the  sandstone  was  deposited, 
or  whether  they  were,  in  part  at  least,  contemporaneous  with 
the  sandstones. 

The  entire  absence  of  sandstone  as  inclusions  in  the  lavas, 
as  well  as  in  all  the  accumulations  of  pyroclastic  material ; 
the  observations  of  Keith,  Geiger*  and    Walcott,t    that  the 

•  BuU.  GeoL  Soc.  America,  vol.  ii,  p.  165  ;  plates  4.  and  5. 
f  This  number  of  this  Journal. 


iU     G.  H.  WilliamK^Vdcanic  Rockn  (>f  Sovih  Mou 


saiiilatone  liee  flat  or  in  aynclinala ;  and  tlie  secrioiie  made  b^ 
MisH  Bascom  across  Monterejr  Peak.  Pine  Mountain,  Jack* 
Mountain,  and  Haycoek  near  Mont;epe,y,  all  indicate  that  the 
suiidstone  is  altofietlier  above  the  volcanic  rocks,  and  that  it 
liae  been  only  eporadieally  left  by  eroflion  on  the  east  side  of 
the  mountain  in  Pennejivania,  In  Maryland  the  volcanic 
rocks  are  llauked  both  on  tlie  east  and  west  by  sandstone  (see 
innp).  No  alternations  of  relatively  thin  beds  of  sandstone 
and  lava  have  thus  far  been  ohserved.  The  contacia  of  ^e 
Handetone  above  the  porphyry  on  the  old  tapeworm  railroad 
Boutliwest  of  Maria's  Furnace,  iiiid  above  the  ereenstone  intlio 
Jack's  Monutain  railroad  tunnel  are  both  admirablt;  exposures, 
but  both  seem  to  be  thnist-plaiiee  and  are  not  contact*  of  originil 
deposition. 

The  South  Mnuntain  volcanic  pocke  therefore  become,  not 
merely  in  their  petro^raphical  character  and  ricbness  in  metal- 
lic copper,  but  also  in  their  stratigraphicai  position,  comparable 
with  the  Keeweiiawan  or  Nipi^on  series  of  Lake  Superior. 

5.  Chf^Ucal  Alteration  am/  MHamorphi«in. — Esteiisive 
chemical  chanf^s,  involving  devitntication  and  the  foriualiun 
uf  new  mtni'mls,  have  gone  on  in  alt  the  volcanic  rocks  of  South 
Mountain  without  destroying  the  original  etrncturea.  In  other 
coses,  where  there  has  been  movement  and  shearing,  the  same 
rocks  bftve  lost  botli  their  original  minerals  and  stractnres  by 
a  process  of  complete  metamorphism.  The  results  are  more  or 
less  perfectly  folinted  schists  and  slates,  whose  ori^n  can  be 
positively  triiced  X-'  the  volcanic  rock*:,  and  whose  present  form 
I'iiii  he  ,-liown  to  depend  upon  tlie  intensity  of  the  disWation 
lo  wliii'li  tht'v  iiavf  been  subjected. 

The  fhcniical  cliaii^fi  which  have  not  affected  the  massive 
ebar.H'ter  of  tlio  ivck^  ivmiiist  of  the  formation  of  new  minerals 
to  Liivunl  ttilli  rhi-  alterfd  physical  conditions.  These  have,  a* 
a  ruli\  LiuTcly  rfpliicod  rhe  former  minerals  so  as  to  leave  ibe 
cri'iinal  siruotiiiv  nf  the  nx-k  intact.  In  the  basic  rocks  tbe 
iifw  niiiu'i'als  liiv  o|iidote.  tibrous  green  hornblende,  chlorite, 
sorpontiii.'.  iron  oxide,  and,  to  loss  extent,  ciilcite  and  qiiartz. 
Oi  thcrie  by  far  tlie  most  important  is  epidote.  Indeed  the 
■joiiiliii.'Tis  i-v  rlie  f.iniMti.m  ot  this  snbstanee  must  liave  been 
e\-\'":ii>;M"v  I'.n  uv.i'^e.  a-  i:  \:a<-  everywhere  been  p-oduced  in 
::'■'  '  .■■■:■■!  .■■.■r.  "■■■:u'  •■'!  :]■.'.■  riMrr  :jiaterial.  like  volcanic  :irli 
-;■       -■     ■■     '■■■>■  '.     -    »;-:v    , ■-,:■,.!    to   iW.-r    mineral.      It    if 

'■■    ■'     '     :■      i-'i:>    '    -     1  <  :.  ,1  '■.■:[i[ilete  reorvslallizatit>ii 

■*'    ■     ~   ■"■■:■      ■■>    .;. >;^!;■  ;;i..-,.ie.   whieli.    however. 

-■■  ■  '  ^  ■  -  -  -  ■  -::■  ..  -  ■■:  •-:■.-  Ti.e  e..Iiaition^  favorable 
■-.;;■■■■  -  ■'--■■■■  •  ..u  ■...■-.-:  :  -1.-  ;-..eksiniiio!>re.eii,v 
o,      ,i;^,-    ,ri  ,■,;:■,-.-     ■:     :;■,.■     ■_;■■  ,-.._",■. i.^e    t-pulote      ipiedmontite'. 
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Thia  rare  mineral  is  ao  abundant  and  occars  in  snch  interesting 
relations  that  it  will  soon  be  made  the  subject  of  a  special  com- 
munication. 

The  manner  in  which  these  compact,  fine-grained  rocks  have 
been  reduced  along  lines  of  shearing  into  fissile  slates  is  most 
instructive.  This  is  accompanied  by  the  abundant  production 
of  sericite  in  the  acid,  and  of  chlorite  in  the  basic  rocks,  while 
the  phenocrjsts  and  all  original  structures  are  obliterated. 
Amjgdules,  where  present,  usually  remain  as  flattened  spots, 
either  lighter  or  darker  than  the  rock.  Several  suites  of  speci- 
mens have  been  collected  to  illustrate  this  process,  but  the 
account  of  its  details  must  be  reserved  for  a  future  paper. 

That  the  lai^  area  of  fissile,  pale  green  schists  occurring 
between  Pine  Grove  Furnace  and  Laurel  Forge  consists  of 
sheared  felsite  may  be  seen  from  the  following,  analysis,  made 
for  commercial  purposes  by  A.  S.  McCreath.  This  rock,  which 
is  locally  known  as  ^^soapstone,"  is  extensively  used  at  Fine 
Grove  Furnace  in  the  manufacture  of  brick.  Its  alkalies  were 
not  determined. 

SiO   74-970 

A1,0, 13-860 

FeO 2-700 

CaO 0-220 

MgO :      1-230 

Alkalies ? 

Ign 2-058 

Total 95-038 

6.  Comparison  with  other  regions, — The  comparative  rarity 
of  very  ancient  volcanic  rocks  in  America  as  compared  with 
Great  Britain*  and  other  parts  of  Europe  is  doubtless  due  to 
their  not  having  been  recognized,  rather  than  to  their  actual 
absence.  The  opinions  entertained  by  Hunt  of  rocks  like  those 
of  South  Moantain  have  greatly  retarded,  in  this  country,  the 
appreciation  of  their  true  character.  Still  they  are  well  known 
on  Lake  Superior  and  in  Missouri  through  the  writings  of 
Irvingt  a^d  E.  Haworth  ;±  Wad8worth§  and  Dillerf  nave 
descnoed  them  in  eastern  Massachusetts,  Shaler^  in  Maine, 
and  the  northern  continuation  of  this  same  belt  has  been  made 

♦Sir  A.  Qeikie:  Anniversary  Address,  Quart.  Jour.  (jcoI.  Soc  ,  vols,  xlvii  and 
zlviii,  1S91-1892. 

Monographs  U.  S.  Geol.  Survev,  v,  1883;  and  Bulletin,  No.  62,  1890. 

Am.  Geologist,  vol.  i,  p.  280,  1888,  and  Bull.  Missouri  Gool.  Survey,  No.  5. 

Bull.  Mus.  Compar.  Zool  Cambridge,  vol.  v.  No.  13,  p.  282. 

Ibid.,  vol.  vii.  No.  2,  1881. 

This  Journal  (III),  vol.  xxxii,  p.  40,  1886.  Ann.  Rep.  U.  S  Geol.  Surv.,  vol. 
viii,  p.  1043,  1889. 

Am.  Joor.  Soi. — Third  Series,  Vol.  XLIV,  No.  264.— December,  1892. 
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known  bv  tlio  Cana<imn  geologists,  Bailey,  Matthew  and  Eils, 
in  New  bninswick.*  Beil  lias  also  recently  described  similar 
rocks  in  the  Sndlmry  region. + 

Similar  areas  are  easily  recognisable  in  Canada  and  Maine 
from  tile  writings  of  Hunt,  Jackson  and  Hitchcock,  in  spite  of 
the  fact  that  they  are  not  properly  interpreted.  Volcanic 
rocks  have  not  before  been  clearly  identified  in  the  Appalach- 
ians, but  if  attention  ia  called  to  them  they  will  doabtlefis  be 
recognized  at  many  otlier  points. 
Fetro|irBpliical  IjoinmUitf, 

Johoa  HwpkiM  Dnivawitr,  Nov.  1,  IBBH. 


r  SCIENTIFIC     INTELLIGENCE. 

I.    Oekmistrt  a:»d  Physics. 

1,  On  the  Tfmperatnre  tif  Steam  from  Boiling  Sult-tolutiom. 
Oonsidemlilo  diviTnity  of  upinion  exists  on  the  queeliori  of  the 
temperature  of  the  vapor  arininc  from  boiling  Kalt-solutiotta.  Cfi- 
tain  observoi'B,  as  baraday,  WtlUner  and  Magnus,  mainuio 
that  this  tempBratiire  is  tiio  eamo  as  that  of  the  solution,  while 
others,  aa  Kudberg  and  Mailer,  hold  the  opinioa  that  it  is  pracu- 
oally  the  same  as  that  sriaing  from  water,  ooiling  uoder  the  aaofr  ■ 
pressure.  In  order  to  settle  the  queation  Sakitbai  has  tnadet  ^ 
series  of  experiments  in  which  certain  sources  of  error  incident  to  | 
previous  mclhnds  of  invfsti.<xnlioii  were  avoided.  His  appamtns 
consisted  of  a  long  necked  flask  containing  the  solution,  ihroii^h 
the  stopper  of  which  two  tliermomeltrs  passed,  one  with  its  bulb 
in  the  solution  the  other  with  its  bulb  in  the  vapor  above  it.  Tlie 
Deck  of  this  flask  was  surrounded  with  a  jaoket,  into  which  vapor 
could  be  passed  from  a  boiler,  and  which  was  connected  witli  a 
condenser.  A  third  thermometer  indicated  the  temperature  in 
the  jacket.  Through  a  tubulure  in  the  side  of  the  flnsk,  eieam 
was  blown  in  order  to  supply  suflicient  vapor  to  maintain  the  teni- 
peraiurc  in  the  neck,  the  excess  of  vapor  passing  off  through  a  tube 
in  the  stopper.  The  solution  to  be  examined  was  placed  in  ihe 
flusk  without  soiling  the  neck,  the  stopper  w.is  inserted,  a  solution 
of  acetic  aeid  boiling  :it  a  sliglilly  lon-er  Icmpi-rature  than  die 
soluii<in  w.1-1  pbiced  in  the  boiler  an<]  made  to  boil,  and  the  gas 
was  lighted  un.ieribe  Hnsk.  Wlicn  ihe  solution  was  hoatedlo 
boiling,  steam  was  admiited  through  the  lateral  tubulure  and  the 
whole  being  in  eipiilibrium,  tbe  temperature  of  tlie  thermomfliT 
was  read.  Willi  a  dilute  solution  of  calcium  cliloride,  the  tem- 
perature of  the  solution  varied  from  11^-6°  to  ll-l'S",  that  of  the 
iaeketfrom  1IU-H°  lo  1110°  luid  that  of  the  vapor  from  II 1-2° to 
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113*3**;  the  difference  between  the  temperature  of  the  vapor  and 
that  of  the  solution,  In  eight  experiments,  being  as  much  as  one 
degree  in  a  single  case  only.  Solutions  of  potassium  nitrate  and 
of  sodium  nitrate  gave  similar  results.  "The  experiments  above 
described  prove  beyond  any  possible  doubt,"  says  the  author, 
"that  the  temperature  of  the  steam  escaping  from  a  boiling  salt- 
solution  is  exactly  the  same  as  that  of  the  solution.  This  I  be- 
lieve is  the  first  occasion  on  which  the  above  important  fact  has 
been  experimentally  established." — J.  Ghem.  SoCy  Ixi,  495,  June, 
1892.  o.  F.  R 

2.  On  the  Allotropism  of  Amorphous  Carbon. — A  graphitite 
has  been  investigated  by  Lfzi,  obtained  from  the  chalk  at  Wun- 
siedel  in  the  Fichtelgebirge,  which  was  pronounced  by  both  Fuchs 
and  by  Sandberger  to  be  amorphous  carbon,  the  latter  consider- 
ing it  identical  with  the  graphitoid  or  schungite  of  Lauer  and 
Inostranzeff.  A  similar  graphitite,  occurring  at  Storg&rd  in  Finn- 
land,  has  also  been  examined  by  Luzi.  It  occurs  in  the  form  of 
dark  gray  nodules  which  mark  paper  like  graphite,  have  a  con- 
choidal  fracture  but  no  cleavage.  Its  density  is  2*255-2*26  at 
17*6*^,  and  on  combustion  in  oxygen  it  leaves  0*67  percent  of  a  light 
yellow  ash.  The  Wunsiedel  mineral  has  a  density  of  2*207,  and 
IS  also  entirely  amorphous.  It  is  free  from  hydrogen  and  nitro- 
gen, and  on  oxidation  with  potassium  chlorate  and  nitric  acid, 
gives,  after  five  successive  treatments,  an  orange-yellow  sub- 
stance, becoming  brown  on  drying  and  insoluble  in  water  and 
nitric  acid.  On  heating,  it  is  decomposed  with  a  hissing  sound,  and 
glows,  leaving  behind  a  black  powder.  Under  the  microscope  it 
appears  to  consist  of  minute  irregularly  rounded  plates,  which  are 
doubly  refracting.  On  analysis  it  gave  57*99  per  cent  of  carbon, 
1*93  per  cent  of  hydrogen  and  46*08  per  cent  of  oxygen.  Since 
ordinary  amorphous  carbon  is  completely  oxidized  by  treatment 
with  potassium  chlorate  and  nitric  acid,  as  is  also  schungite,  and 
since  graphite  is  converted  into  graphitic  oxide  by  this  treatment, 
the  author  considers  this  a  new  variety  of  amorphous  carbon 
resembling  graphite  in  the  products  of  its  oxidation.  Indeed  it 
appears  to  resemble  closely  graphitite  produced  in  arc-light  car- 
bons, the  oxidation-product  of  which  gave  Berthelot  0  51*95, 
H  1*55  and  O  46*50.  This  product  the  author  calls  graphititic 
oxide. — Ber.  Berl,  Chem.  Oes,^  xxv,  1378,  April,  1892.  g.  f.  b. 

3.  On  amorphous  J5orow.— Moissan  has  prepared  the  so-called 
amorphous  boron  by  the  various  methods  described  and  has  ana- 
lyzed the  products.  By  the  method  of  Gay  Lussac  and  Thenard, 
acting  on  boric  oxide  with  potassium,  using  a  copper  tube,  the 
product  contained  44*1  per  cent  of  boron.  By  acting  on  boric 
oxide  with  sodium  in  presence  of  sodium  chloride,  the  method  of 
Deville  and  Wdhler,  a  product  containing  62*50  per  cent  of  boron 
was  obtained.  By  acting  on  potassium  borofluoride  with  potas- 
nam,  method  of  Berzelius,  the  product  contained  51*15  of  boron. 
On  extracting  the  second  product  with  boiling  hydrochloric  acid, 
the  quantity  of  boron  was  raised  to  71*97  per  cent;  extraction 
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will)  water  lowering  it  to  32-36  per  cttiit.  In  oonfi«qiienc«  tti  J 
ftUtlior  tirsl  ftttcmptcd  to  prepare  boron  I'leolrnlylically,  WlMtf] 
a  cui-r*nt  of  35  araperpa  is  passed  throiigli  boric  oxide  mixed  wilb 
one  fifth  of  its  maea  of  aodium  borate  and  liented  to  1200°,  boron 
ifl  set  free  but  at  onvo  barnit  to  oxide.  Ue  then  tried  redaction  bj 
means  of  niagnesiitm,  mixing  ~0  grams  of  finely  powdered  mag- 
neeiam  with  210  Brnina  uf  recently  fascd  boric  oxide,  and  healing 
the  inixtaro  to  bright  redneMS  in  a  clay  crucible.  After  the  action 
waa  over,  the  mass  was  treated  with  water  acidulated  with  hydro- 
chloric acid,  then  with  boiling  strong  hydrochloric  acid,  then  with 
alcoholic  |>otaHh  aud  finally  wttb  liydrofluorio  acid.  The  prodact 
was  a  lieht  innroou  [>owder,  ooiiiainitig  94  or  95  iier  cent  o( 
boron.  If  thiei  be  fused  with  KO  timeit  it»  weight  of  Dono  oxide 
and  again  Ireated  with  nnigneNinm  a  produot  ia  obtained  contato- 
ing  niH'S  per  cent  of  boron.  And  if  tbe  leduction  be  effecled  in  a 
crucible  brasqued  with  titanic  oxide- and  carbon,  the  percentage 
of  boron  may  reach  99-2.— C'.  R.,  cxiv,  319,  392;  J.  Chem.  Soa., 
Uii,  681,  682,  June,  1993.  g.  f.  a 

4,  On  the  Atomic  Mast  of  Boron, — Abrahai.l  has  determined 
in  Dixon's  laboratory  the  atomic  maBS  of  boron  by  titrating  boron 
bromide  by  meqna  of  silver  nitrate.  The  moan  of  five  accordant 
determinations  gave  ti)-S2&. — J.  Chem.  Hqc,  Ixi,  050,  Aug ,  18»2. 

a,  F.  B. 

5,  Absorption  poteer  of  metals /or  tAe  Etierg}/  of  Electrical 
waves. — Herlr.  concluded  from  his  experiraenta  that  tbe  production 
of  reaonance  and  the  period  of  osaillation  in  resonatont  ar«  not 
affected  by  the  specific  renietance  or  the  ina^ietio  properties  of  tbe 
secondary  conductor.  Bjkrknks  of  the  University  of  Christiana 
ha«  examined  tbi*  Bulijcct  using  an  eleclrometcr  atid  firidn  that  co[i- 
per,  brass,  germaii  Bilvcr,  plnlitium,  nickel  and  iron  show  differ- 
ent absorptive  powers.  The  rate  of  absorption  increases  with  tlie 
resistance  and  the  mai;nclization  of  the  metal.  Iron  and  nicliel 
showed  a  marked  damping  effect.  Tlieir  magnetization  however 
could  be  reversed  one  hundred  million  times  per  second.  Bjeniltee 
makes  no  reference  to  earlier  jiapi'rs  of  John  Trowbriilge  and  also 
of  Professor  Thoinsoii  of  Cambridge,  Engl.and,  on  this  subject. 
Anil.  </(■)  rhj/sik  iind  Vheiiiie,  1892.  No.  9,  pp.  69-76.  J.  T. 

G.  EUrtric'U  Oacilliithms.- — M.  Zeiindeb  exhibits  to  a  largf 
audience  Hertz's  oscillations  by  phicini;  ibe  conducting  rods  in 
the  fi)cal  line  of  a  concave  mirror.  These  ro<lN  are  connected  will) 
a  Cieissler  tube  within  which  the  ends  arc  placed  very  dose  li>- 
gether  so  lli.il  a  tri'neral  luminosity  is  produced  inside  the  tub*. 
The  effects  are  aiis^niented  by  a  specivs  of  relay.  On  either  siile 
of  the  terminals  ol  ihe  resiinalor  arc  two  other  terminals  from  > 
circuit  of  OUO  Plante  cells  of  isniiill  size,  which  are  rewnlaied  so 
that  the  current  is  Just  able  to  ])ass  between  the  terminals.  When 
the  resonator  i-esponds  to  the  t'leciric  oscillations  the  discharge 
from  the  cells  is  aiii,riLieiHed.  It  is  also  possible  to  work  with 
arolher  liuhniknrit'  coil  instead  of  with  the  Hocon.iary  battery 
AniK  iier  Physik  iii.'l  Chvinie.  1892,  No.  9,  pp.  77-92.  "       J.  T. 
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7.  On  JoinU  in  Magnetic  Circuits. — Prof.  Ewino  shows  the 
IP^at  effect  of  joints  in  reducing  the  residual  magnetism  of  iron. 
The  division  ol  a  ring  30^°^  long  into  two  half  rings  abutting 
against  each  other  with  the  smoothest  possible  joints  has  the  effect 
of  reducing  the  residual  magnetism  from  9,000  to  6,000.  *^A  sim- 
ilar reduction  occurs  in  magnetic  tests  of  bars  when  these  are 
made  to  form  part  of  a  magnetic  circuit  by  the  addition  of  a  ma- 
rine iron  yoke." — Phil.  Mag.^  Oct.,  1892,  pp.  320-326.         J.  t. 

8.  Measurement  of  high  temperatures. — Ludwig  Holborn  and 
WiUiY  WiBN  discuss  the  electrical  methods  of  measuring  high  tem- 
peratures and  give  results  obtained  by  the  use  of  a  thermo-ele- 
ment  of  platinum  and  platinum-rhodium.  This  method  appears 
to  be  preferable  to  Siemens's  method  of  observing  change  in  elec- 
trical resistance.  The  authors  obtain  concordant  results  for  the 
melting  point  of  gold,  silver  and  copper. — Ann.  der  Physik  und 
iihemiCy  1892,  No.  9,  pp.  107-134.  J.  t. 

9.  Cohr  Photography. — Lippmann  by  the  aid  of  a  very  sensi- 
tive bromide  of  silver  albumen  plate,  made  orthochromatic  by  a 
solution  of  azalin  and  cyauine  has  succeeded  in  photographing  the 
solar  spectrum.  Also  a  colored  church  window,  a  parrot,  and 
other  colored  objects.  The  time  of  exposure  with  sunlight  and 
the  electric  light  varied  from  five  to  ten  minutes.  With  diffuse 
light  an  exposure  of  several  hours  was  necessary. —  Comptes 
BendtiSy  cxiv,  p.  961,  962,  1892.  J.  T. 

10.  Electrical  Resistance  of  Metah  at  Low  Temperatures. — Prof. 
Dbwar  and  Prof.  Fleming  have  studied  the  electrical  resistance 
of  metals  at  the  temperature  of  boiling  oxygen,  —197°  C,  and 
find  an  enormous  decrease  in  the  specific  resistance  of  perfectly 
pure  metals.  Pure  iron  at  —197°  C.  has  ^y  of  its  resist- 
ance at  100**  C.  and  pure  copper  ^.  The  smallest  impurity 
affects  the  results  to  a  remarkable  degree.  A  carbon  filament 
such  as  is  used  in  an  incandescent  lamp  continually  increased  in 
resistance  as  the  temperature  was  lowered.  Carbon  thus  acts 
jnst  the  revei*8e  of  metals.  Iron  and  nickel  chansfe  most.  Pure 
iron  at  the  temperature  of  boiling  oxygen,  —197°  C,  conducts 
better  than  electrolytic  copper  at  ordinary  temperatures.- /%i7. 
Mag.,  Oct.,  1892,  pp.  326-337.  J.  t. 

II.    Geology  and  Natural  History. 

1.  JOes  Regions  Invisible  du  Globe  et  des  Espaces  celestes: 
Eaux  Souterraines^  Tremblements  de  Terre^  Meteorites  ^  par  A. 
Daubr^b,  Membre  de  1'  Instilut.  240  pp.  8vo.  1H92.— This  volume 
is  one  of  the  series  entitled  **Biblioth(ique  Scieutifique  Interna- 
tionale," published  at  Paris  under  the  direction  of  l5m.  Alglave. 
Prof.  Daubree  has  here  brought  together  sonie  of  his  very  valu- 
able papers  illustrating  geological  principles  by  ex])erimental  re- 
searches. The  papers  included  are  the  following :  I.  The  work 
of  subterranean*  waters  at  the  present  time;  II.  The  part  they 
have   taken  as  mineralizers   duriug  geological  time;  III.  Earth- 
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qnakcG;  IV.  Tbe  geological  work  of  eublerranfan  gaaes;  V. 
MclcoriteH,  and  tbe  conHtituiioii  ol'  tho  glob«.  It  is  greatly  to  the 
advantage  of  the  science  that  Prof.  iHabrip  liiis  made  hio  import- 
ant memoirs  so  conveniently  accessible  to  those  interested  in  tbe 
aabjcci.     This  second  edition  coniaiiia  several  now  figures, 

2.  The  FkUtucene  Uiitory  ly'  j\orth'iastern  lotea ;  by  W.  J. 
WctrKK;  pages  189  to  577  of  the  eleventh  annual  report  of  tbe 
director  of  ine  U.  8.  Geological  Survey  for  1889-90,  A  notice  of 
this  very  complete  memoir  on  uorlbeaslern  Iowa  is  deferred  to 
another  number. 

3,  Geological  Survey  of  Icnea. — A  bill  for  a  new  geological 
survey  of  Iowa  passed  the  legislature  of  the  State  last  winter. 
The  appointments  made  for  the  Survey  are  Prof.  S.  Calvin, 
Geologist,  Charles  R.  Keyes,  Assistant  Geologist,  and  G.  £. 
Patrick,  Chemist. 

*.  Tieftncoiitacte  an  den  iJttnmoen  Diabasen  von  JVew  Jertey, 
A.  Anprejie  and  A.  Ohamj.  (Verhandlungen  dcs  \aiurhisi.- 
Med.  Vereins  zu  Heidell)erg). — The  locality  which  was  personally 
studied  by  the  writers  is  that  at  Jersey  CiCy  and  the  diabase  lliat 
of  the  well  known  Palisades..  The  contact  of  this  diabase  with 
the  Newark  shales  is  remarkable  in  that  in  extent  and  character 
it  resembles  that  of  the  coarse  granular  abyssal  rooks  and  not  the 
ordinary  diabase  conlacL  The  shales  and  arkose  are  completely 
changed  to  silicate  hornetones,  of  which  several  varietieti,  one  rich 
in  tourmaline,  are  described.  Thus  the  opinion  that  this  diabase 
IB  intruaive  reoeivea  strong  support.  L.  v.  r. 

S.  EleoUle-SyeniU  of  Zit^i/ijield,  Me.  and  Red  JSfiU,  A'.  S. 
W.  8.  Bati-ev  (Bull.  Geolog.  Soo.  Am.,  vol.  iii,  pp.  231-W9).— 
This  ]>.i[ier  Hives  a  carefnl  ami  niiruite  petrosjraphical  and  chemical 
study  of  two  varii^lics  of  i-l.'olite-syeriilc."  Tin-  occurrence  al 
Red  Hill,  N,  H.,  had  been  previously  described  by  llawes  in  his 
Lithology  of  New  Hampshire  as  a  hornblende  syenite,  tlie  nephe- 
lite  ha  villi;  been  overlooked.  It  consists  of  auglie,  hornblende,  bio- 
tite,  sodalite,  neplielite,  albitc,  ortiioclase  and  sphene.  The  study 
was  made  on  hand  specimens  and  nothing  is  yet  known  of  its 
geological  occurrence  atul  cotinectioiis.  The  same  raav  be  said  of 
the  rock  from  LiichfieM,  search  in  the  field  not  yet  having  shown 
the  source  of  the  bowlders  in  which  it  occurs.  This  latter  is 
shown  lo  lie  a  new  variety  of  eleolile  syenite  in  that  the  alkali 
feldsjiar  is  chiefly  alliite,  not  orthoclasc.  lleiice  regarding  the 
albite  as  the  most  add  of  the  plagioclases,  by  a  strict  interpreta- 
tion of  Rtisenhnsch's  system  of  classification,  the  rock  would  fall 
among  the  theralites  and  to  avoid  this  difficulty  the  author  pro- 
poses to  distinguish  the  variety  by  the  name  of  "Litchfieldile." 
This  shows  the  rather  unfortunate  result  of  attempting  to  cla-sifv 
rocks  by  set  seheiiit-s  as  if  they  were  species.  It  we  accept  (he 
conception  held  bv  most  ]ieirciL.'v;i)i]u-rs  that  eleolilc-sjenile  w 
an  alkali  inagni.i— rich  in  nliiniiiiu,  moderate  in  amount  of  filua, 
poor  in  ferro-iuagiiesia  :iih1  lime — crystallizing  into  a  giaiiular 
rock  composed  essentially  of  nc]ilielite  and  alkali  feUlspar  with 
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one  or  more  members  of  the  amphibole,  aagite  or  mica  families 
present,  and  not  according  to  the  crystallographic  nature  of  the 
essential  feldspar,  the  name  proposed  seems  hardly  necessary. 

L.  V.  p. 

6.  The  Gems  and  Precious  Stones  of  North  America  ;  by 
Gborgb  p.  Kunz. — An  Appendix  to  this  fine  work,  making  pa^es 
337-367,  has  recently  been  issued.  It  gives  much  interesting 
matter,  supplementary  to  the  main  volume,  chiefly  that  which 
mineralogical  investigation  has  brought  out  in  the  past  two  years. 

7.  Muciferous  System  of  Laminariacecs^  by  Guignard  (An- 
nates des  Sciences  Naturelles,  15,  I). — This  study  proves  that 
certain  genera  of  Laminariacem^  such  as  Lessonia  and  AlariUy 
<^an  comprise  species  which  have  no  muciferous  canals,  while  others 
possess  them.  We  therefore  must  conclude  that  their  presence 
or  absence  cannot  offer  any  specific  character.  o.  l.  g. 

8.  Researches  on  Multiple  Buds,  by  W.  Russell  (Annales 
des  Sciences  Naturelles). — The  principal  conclusions  which  these 
researches  have  led  the  author  to  are : 

(1)  Lateral  buds  can  be  produced  at  the  expense  of  the  con- 
stituent parts  of  the  foliar  axil,  either  at  the  expense  of  the  stem 
alone,  or  more  rarely,  that  of  the  leaf.  In  the  inflorescence  of  the 
Linden,  Cactacese,  and  so  on,  their  appearance  can  take  place  upon 
the  summit  at  the  same  time  as  that  of  the  axillary  leaf. 

(2)  £very  bud  has  at  the  commencement  a  double  growth, — 
a  proper  growth,  or  one  peculiar  to  itself,  and  a  growth  in  com- 
mon with  the  organs  which  have  formed  it.  The  latter  is  in  gen- 
eral much  more  rapid  than  the  former,  at  least  at  the  outset. 

(3)  The  majority  of  leafy  buds,  and  numerous  flower-buds,  can 
send  out  branches  at  their  base. 

(4)  These  buds  are  the  origin  of  successive  ramifications  which 
accompany  the  bud  of  the  first  generation,  and  sometimes  these 
possess  no  axillary  leaves  at  all. 

(6)  These  successive  ramifications,  which  are  ordinarily  desig- 
nated as  accessory  buds  or  multiple  buds,  behave  at  the  outset 
just  as  axillary  buds  themselves. 

(6)  The  disposition  of  these  buds  always  obeys  the  laws  of 
phyllotaxy. 

(7)  The  basal  ramifications  have  a  well-defined  biological  r6le. 
It  is  from  these  that  many  thorns  and  tendrils  are  produced,  or 
modifications  of  inflorescence. 

(8)  In  the  majority  of  cases  these  buds  remain  in  the  state  of 
dormant  buds,  and  are  the  origin  of  distortions  which  appear 
under  certain  circumstances  in  woody  plants.  Sometimes  upon 
annnals  they  play  the  r6Ie  of  hibernating  buds,  and  permit  the 
plant  to  grow  from  one  year  to  another.  They  can  develop  in 
the  same  year  that  they  form,  or  in  the  following  year,  comci- 
dental  with  the  bud  of  the  first  generation. 

(9)  We  can  show  experimentally  that  the  formation  of  these 
buds  can  continue  throughout  the  whole  life  of  the  plant.  This 
is  well  illustrated  by  ConvolvuluSy  for  example. 
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The  principal  resnllB  of  these  reaearchea  csn  be  condensed  inU) 
It  BiDgie  statement :  the  law  of  the  unity  of  the  axillary  bad  \m 
absolutely  no  exception,  g,  u  o. 

9.  Artificial  intracellular  C'ryatallieution  ;  E.  Brlzung. — The 
anthor  baa  shown  conclusively  that  within  the  cell  it  i!<  possible 
to  produce  artificial  crvtitals  of  considerable  sise.  His  r^Numi, 
Btftted  at  considerable  length  by  hiin,  ia  condensed  in  the  follow- 
ing ahoi'ter  statement : 

(1)  All  these  crystallizations  can  be  produced  by  the  simple 
means  of  placing  living  tiasiiea  in  pnre  glycerine.  This  reagent 
producea  an  exosmosis  more  rapid  than  that  of  the  crystaltiaable 
substunce  dissolved  in  the  water.  From  this  process  the  sap  is 
carried  to  the  point  oF  saturation  and  must  undergo  an  tntraceU 
lular  precipitation. 

(2)  Themost  abundant  principles  which  are  contained  in  young; 
plants  which  he  has  studied  are  asparagine,  leucine,*  aitd  neutral 
sulphate  of  potassium.  The  two  amides  crystallise  in  the  cells 
niniultaneously  with  the  greatest  facility.  In  Lupitius  liittnt,  as. 
paragine,  tyrosinf,  and  sulphate  of  calcium  ai*  produced.  The 
gypsum  orystullixes  in  the  liasues,  for  Cicer,  xanthine  and  caldum 
snlphate.  Xanthine  has  been  hitherto  nnknown  as  a  product  of 
the  normal  activity  of  tho  plant.  It  crystallizes  clearly  in  the 
cells,  in  very  delicate  filamentous  forms.  In  C'ucurbita  pepo,  as- 
paragine  and  potassium  nitrate,  can  be  very  easily  made  to  crys- 
tallize in  all  these  cases. 

(8)  The  metsmorphoaia  of  protein  and  saline  matters  Dnder 
these  conditions  ia  almost  exactly  like  that  which  takes  place  in 
the  ripening  of  a  seed,  so  that  we  have  really  artificial  aleurone 
grains  formed,  much  as  in  a  ripened  seed. 

(4)  What  iw  (he  mechanism  of  the  formation  of  these  difierent 
products?  Certain  of  the  amides  are  produced  from  alhuminoiii 
matters  by  dilute  acids  or  alkalies,  as  a  conse<]uence  of  the  action 
of  particular  ferments,  diaslattc  or  peptonining.  So  far  as  tlie 
mineral  ]>ro(lucts,  llin  nitrates  and  sulphiites,  are  concerned,  little 
can  be  said  ]iosilively.  The  nitrates  of  germination,  (or  ex.iinpk, 
are  comp.irablc  wiili  those  salts  of  the  same  composition  which 
result  froni  hactfrial  fcrmenLition  of  iimmoniacal  compounds,  and 
the  same  remark  applies  to  the  sulphates  of  gernii nation.  <j.  i 
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which  is  enveloped  by  a  thin  and  porous  membrane^  lees  per- 
meable than  itself.  Sometimes  this  has  no  normal  pores,  for  in- 
stance, in  the  apple,  the  orange. 

(6)  It  is  probable  that  a  gas  which  traverses  the  envelope  can 
penetrate  to  the  deepest  pan  of  the  tissue. 

(7)  The  gas  passes  through  the  external  envelope  of  solid 
masses,  sometimes  in  the  free  state,  and  sometimes  dissolved. 

(8)  The  changes  which  are  produced  at  the  surface  depend  on 
the  permeability  and  the  porosity  of  the  peridermic  membrane. 

(9)  Oxjgen  tends  to  enter  especially  by  the  pores,  while  car- 
bonic acid  escapes  from  the  whole  surface  of  the  membrane. 
There  exists  a  veritable  circulation  of  these  gases,  but  the  circu- 
lation is  only  partial  in  the  majority  of  instances. 

(10)  Humidity  acts  in  a  very  variable  manner  on  the  composi- 
tion of  the  internal  atmosphere,  sometimes  increasing  permeabil- 
ity, sometimes  diminishing  it. 

(11)  Slow  or  rapid  drying  diminishes  permeability  and  causes 
a  greater  and  greater  accumulation  of  carbonic  acid. 

(12)  It  is  to  these  variations  in  the  proportions  of  oxygen  and 
carbonic  acid  in  the  internal  atmosphere  that  we  must  attribute 
the  different  values  of  pressure  in  the  internal  atmosphere. 

(13)  According  as  the  total  pressure  is  stronger  or  weaker  in 
the  internal  atmosphere,  there  is  produced  across  the  super6cial 
pores  an  inward  or  an  outward  current  This  gaseous  current  is 
purely  mechanical,  and  can  be  regarded  as  a  third  series  of 
exchanges. 

(14^  Nitrogen  is  passively  held  in  this  gaseous  current. 

(15)  When  the  gas  acquires  a  constant  difference  of  pressure, 
in  spite  of  the  constant  sweeping  hither  and  thither,  we  must 
believe  that  the  current  is  produced  in  some  other  way  than  by 
dif^sion.  A  constant  circulation  of  nitrogen  exists  in  the  a(^rial 
parts  of  plants,  but  the  circulation  is  purely  passive. 

(16)  Temperature  increases  or  diminishes  the  intensity  of  res- 
piration, and  this  modifies  the  composition  of  the  internal  atmos- 
phere. 

(17)  Light  acts  wherever  green  matter  exists,  sometimes 
through  chlorophylline  assimilation,  and  sometimes  by  the  with- 
drawal of  water,  thus  influencing  the  permeability  of  the  mem- 
branes. 

The  mechanism  of  exchange  can  be  summed  up  in  the  fol- 
lowing conclusion  :  Gaseous  exchanges  of  all  solid  organs  hitherto 
studied  are  produced  in  three  different  ways,  which  ordinarily  co- 
exist, but  which  act  with  a  variable  intensity.  These  are,  Effu- 
sion;  Dialysis;  and  a  purely  mechanical  passage  of  a  gaseous 
current. 

Effusion.  Diffusion  of  free  gas  across  the  pores  of  an  envelope 
under  the  influence  of  differences  of  pressure  proper  to  each  gas. 

Dialysis.  Diffusion  of  gas,  dissolved,  across  the  membrane 
under  the  same  influence. 
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QaeeoDs  current.     General   dieplacem^nt  of  tlio  total  mass  of    ' 
ifae  mixed  gaat^s  acrons  the  poreti  ol'  the  envelope  iindtsr  the  inAa- 
ence  of  ibe  difference  of  total  pieBsura   winch  exists  between  the 
Interior  and  the  exterior,  o.  i..  a. 

II,  Jiif/liotheca  Zooiof/ica,  IL — This  valuable  and  czhaustivii 
work,  under  the  editorship  of  Dr.  O.  Taschenberg,  giving  th« 
titles  of  works  and  arlicleK  on  Zfiology  which  s|i|feai'ed  between 
1861-1880,  has  reached  its  lOth  LibltTung.  Tm»  iuclsdes  tlie 
last  ol'  the  Mollusua  and  beginning  of  the  Vertebrates,  covering 
signatures  361  to  400,  or  pp.  2029  to  3248. 

Til.     MI80ELLANKOU9    SCIENTIFIC    InTKLLIGENCK. 

1.  National  Academy  of  Sciences. — At  the  meeting  of  the 
National  Academy  held  in  Baltimore,  Nov.  1  to  4,  1892,  the  fol- 
lowing papers  were  presented  : 

G.  K.  Gildebt:  The  Evoliilioti  of  tile  Moon. 

T.  C.  Mbkdbniu^l:  On  the  ObsorvntiouB  (or  I*ti(viile  al  Rockvitle.  Mi  On 
th«  LatiUule  OhMrrniiODs  nl  Hannlulu.  Tho  Uho  of  Pluioa  and  Kni&-«dgH  ii 
Pendulimit. 

Thouah  B.  OauoaHE:  CrfBUUixol  Ve^tuble  ITuleldB.     Pntieida  of  the  Flu- 

H.  A.  RowLAKn:  A  SpeccroaMpic  AnalfttU  of  Uie  Rar?  K&rtlu  ATwUMol 
StKodard  WaTe-lErngthn.     On  the  Uutjon  of  n  Sphere  in  a  ri«ci)ue  Fluid. 

0.  H.  WllxiAMS;  Volcanic  Rockn  of  8outb  UountBtn  iu  Penna^lmuK  Bi 
Uarylaod. 

IsA  RkkskK:  On  Some  Curiom)  Double  Balldes.  Stud?  of  the  Action  of  U|^ 
on  kcids  in  Solutions  containing  a  Salt  of  Uraniuni. 

C.  Barcs  :  On  rsotbomiala  and  laoinirtrica  of  Viscosity. 

W.  K.  Bhixiks:  Signiflcunte  ol  the  Follicle  of  Salpa.  Biological  Relalioin!  of 
tho  n)dE«t  fxx^iW. 

K.   1>.  Oji-k:   On  lliu  VerlcliraH;  FiHUiauftlw  Blimi^u  K|..*li 

S.  C.  CilANULEU;   Ud  tlie  MoIIoq  of  tl,e  Ijirtlis  Pule, 

C.  S.  H.iBTlNOS:  Recent  Iniprovempnls  in  Astronomipnl  TcWope. 

Gborge  K,  IIai.b:  Rxhilntioa  of  PhologmphB  illuBtnitiiig  nuw  metliodfi  sod 
raBwUs  firS.il.ir  I'hy^K*. 

GhoRr.K  K.  .Squikh  mid  Frank  A.  Wolkf,  Jb.  :  Some  eftecls  of  llagoelisni  on 
Clietiiii»l  Action. 

Volume  V  of  the  Memoirs  of  the  Academy,  which  has  just 
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;  Raccoon  Crwk.  2.  — FlowBtnieture,  Raccoon  Creek. 

3. — Spbemlites.  North  at  tora'g  Creek. 
(All  reduced  iboot  one-bair.) 
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